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The copy number of the SODIGS3A transgene was
measured by real time PCR, which showed the the copy

number did not change over multiple generations and the
course of the experiments.
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METHOD OF TREATING MOTOR NEURON
DISEASE WITH AN ANTIBODY THAT
AGONIZES MUSK

CROSS REFERENCE TO RELATED
APPLICATIONS

The present application is a National Stage Application
which claims priority under 35 U.S.C. §120 from co-pending
PCT Application No. PCT/US2012/065023 filed Nov. 14,
2012, which in turn claims priority under from 35 U.S.C.
§119(e) from U.S. Provisional Application Ser. No. 61/693,
857, filed Aug. 28,2012 and U.S. Provisional Application Ser.
No. 61/559,309, filed Nov. 14, 2011, each of which applica-
tions are herein specifically incorporated by reference in their
entireties.

FIELD OF INVENTION

The compositions and methods described herein relate to
muscle specific kinase receptor (MuSK) and modulation
thereof, as well as to screening assays to identify modulators
of MuSK activity. Agents identified using the screening
assays described herein are envisioned for use as therapeutics
to alleviate or delay motor dysfunction in subjects afflicted
with a disorder associated with nerve terminal loss or frag-
mentation, including sarcopenia, amyotrophic lateral sclero-
sis and anti-MuSK myasthenia gravis.

BACKGROUND OF INVENTION

Our ability to move and breathe depends upon the neuro-
muscular synapse. As such, the neuromuscular synapse is the
single synapse essential for survival. Neuromuscular synapse
formation is a multi-step process requiring coordinated inter-
actions between motor neurons and muscle fibers, which
eventually lead to the formation of a highly specialized
postsynaptic membrane and a highly differentiated nerve ter-
minal. As a consequence, acetylcholine receptors (AChRs)
become highly concentrated in the postsynaptic membrane
and arranged in perfect register with active zones in the
presynaptic nerve terminal, and thus ensure fast, robust and
reliable synaptic transmission. The signals and mechanisms
responsible for this process are poorly understood but require
MusSK, a receptor tyrosine kinase that is expressed in skeletal
muscle, Agrin, a motor neuron-derived ligand that stimulates
MuSK phosphorylation, and Lrp4, the receptor for Agrin.
These genes play critical roles in synaptic differentiation, as
synapses do not form in their absence, and mutations in
MuSK or downstream effectors lead to a reduced number of
AChRs at synapses and are a major cause of a group of
neuromuscular disorders, termed congenital myasthenia.
Moreover, auto-antibodies to AChRs, MuSK or Lrp4, which
cause accelerated degradation of AChRs and structural disor-
ganization of the synapse, are responsible for myasthenia
gravis.

The mechanisms that control and stabilize connections
between motor axon terminals and muscle fibers are poorly
understood, but the maintenance of neuromuscular synapses
is essential to sustain synaptic transmission and prevent
muscle atrophy. In amyotrophic lateral sclerosis (ALS), a loss
of motor axon terminals, which causes muscle denervation, is
the earliest known sign of disease. ALS is a devastating,
neurodegenerative disorder, with a midlife onset, character-
ized by the progressive loss of upper and lower motor neurons
and leading to relentless, lethal paralysis. Following diagno-
sis of ALS, either sporadic or familial, the time course of
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disease progression varies in an unpredictable manner. Domi-
nant mutations in superoxide dismutase (SOD1) are respon-
sible for 2% ofthe cases of ALS. Transgenic mice expressing
mutant forms of SOD1 develop a paralytic motor neuron
disease, which exhibits all of the hallmark features of ALS.

A progressive and gradual withdrawal of motor axon ter-
minals accompanies aging, compromising synaptic function
and causing muscle atrophy, or sarcopenia. Once this cycle is
initiated, muscle atrophy and deterioration are further exac-
erbated, as muscle atrophy and a loss of muscle strength
reduce physical activity and exercise, which decreases syn-
aptic activity still further. Sarcopenia is a major and debili-
tating consequence of aging. Moreover, because sarcopenia
reduces physical activity, sarcopenia compromises health by
contributing to a wide range of complications in multiple
organ systems.

The citation of references herein shall not be construed as
an admission that such is prior art to the present invention.

SUMMARY OF THE INVENTION

The present inventor sought to determine whether increas-
ing MuSK activity might be sufficient to stabilize synapses
that are weakened, irrespective of the mechanism underlying
the instability. To this end, the present inventor investigated
whether MuSK over-expression might stabilize synapses in
mice carrying dominant mutations in SOD1. Mice carrying
transgenes with a mutation in SOD1, namely SOD1G93A,
serve as a model for ALS, as the pathological and clinical
signs of disease in this mouse model replicate those in ALS.
In particular, a loss of neuromuscular synapses and the with-
drawal of motor axons is the earliest sign of disease in the
mouse model and in familial and sporadic forms of ALS.
Such muscle denervation leads to paralysis, respiratory fail-
ure and ultimately premature death.

The present inventor crossed MuSK-I. mice with
SOD1G93 A mice, which generated four types of progeny: (1)
wild-type mice; (2) MuSK-L; (3) SOD1G93A; and (4)
MuSK-L; SOD1G93A mice. Although MuSK over-expres-
sion did not significantly prolong the longevity of
SOD1G93A mice, MuSK over-expression substantially
delayed denervation of skeletal muscle in MuSK-L;
SOD1G93 A mice relative to SOD1G93A mice. Indeed, the
loss of neuromuscular synapses was far less in MuSK-L;
SOD1G93A mice than SOD1G93 A mice during a forty day
period (P120-P160) when synapses disassemble in
SOD1G93A mice. MuSK over-expression also substantially
and similarly improved motor function of SOD1G93 A mice,
as assessed by an improvement in their ambulatory behavior
and an increase in muscle strength during this forty day period
when SOD1G93A mice showed severe signs of motor dys-
function and muscle weakness.

The present findings, therefore, demonstrate that increas-
ing MuSK activity in muscle is sufficient to delay synaptic
loss and motor dysfunction in a mouse model of ALS.
Accordingly, increasing MuSK activity in humans with ALS
has the potential to alleviate and delay motor dysfunction,
allowing ALS patients to function without assistance for
extended periods of time.

Moreover, these findings raise the possibility that increas-
ing MuSK activity may alleviate motor dysfunction in other
disorders associated with nerve terminal loss or fragmenta-
tion, including sarcopenia. Further, as disease-causing auto-
antibodies to MuSK interfere with MuSK function, increas-
ing MuSK activity in patients with anti-MuSK auto-immune
myasthenia gravis may likewise alleviate the weakness and
fatigue that are hallmark features of this disease.
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Accordingly, in an aspect of the invention, a method for
delaying motor dysfunction in a subject is presented, the
method comprising: administering an agent that increases
muscle specific receptor kinase (MuSK) activity to the sub-
jectin atherapeutically effective amount sufficient to increase
MuSK activity in the subject and thereby improve motor
function in the subject. Also encompassed herein is a method
for treating a disease or condition associated with synaptic
loss and/or motor dysfunction in a subject, the method com-
prising administering a therapeutically effective amount of an
agent that increases MuSK activity to the subject. In another
aspect, a method for preserving neuromuscular synapses in a
subject is presented, the method comprising: administering
an agent that increases muscle specific receptor kinase
(MuSK) activity to the subject in a therapeutically effective
amount sufficient to increase MuSK activity in the subject
and thereby preserve neuromuscular synapses in the subject.

Use of an agent that increases MuSK activity for the treat-
ment of a disease or condition associated with synaptic loss
and/or motor dysfunction in a subject comprising administer-
ing a therapeutically effective amount of the agent to the
subject is also encompassed. An agent that increases MuSK
activity for use in treating a disease or condition associated
with synaptic loss and/or motor dysfunction in a subject is
also encompassed, wherein the agent is administered to the
subject in a therapeutically effective amount so as to treat the
disease or condition associated with synaptic loss and/or
motor dysfunction in the subject. Use of an agent that
increases MuSK activity to delay motor dysfunction in a
subject comprising administering a therapeutically effective
amount of the agent to the subject is also envisioned. An agent
that increases MuSK activity for use in delaying motor dys-
function in a subject is further envisioned, wherein the agent
is administered to the subject in a therapeutically effective
amount to delay motor dysfunction in the subject.

Also encompassed herein is use of an agent that increases
MuSK activity for the preparation of a medicament for treat-
ing a disease or condition associated with synaptic loss and/or
motor dysfunction in a subject or for delaying motor dysfunc-
tion in a subject.

In an embodiment of the methods and uses described
herein, the agent is a polypeptide, an antibody or antibody
fragment, a polynucleotide, a chemical compound, or a small
molecule. In a more particular embodiment, the antibody or
antibody fragment increases MuSK activity upon binding to
MuSK.

In another embodiment of the methods and uses described
herein, the agent is a polypeptide comprising or consisting of
the amino acid sequence of agrin or Lrp4 or functional frag-
ments thereof. Exemplary amino acid sequences of human
agrin are designated herein as SEQ ID NO: 2. Exemplary
amino acid sequences of human Lrp4 are designated herein as
SEQ ID NO: 4.

In a particular embodiment, the delay in motor dysfunction
is measurable by determining innervation levels. In another
embodiment, administering the agent maintains innervation
levels in the subject.

In yet another embodiment, administering the agent stabi-
lizes motor axon synapses or increases the number of motor
axon synapses in the subject.

In a particular embodiment, the subject is suffering from
amyotrophic lateral sclerosis, sarcopenia, or myasthenia
gravis. In a more particular embodiment, the subject is suf-
fering from amyotrophic lateral sclerosis. More particularly
still, the subject may be a mammal (for example, a mouse, rat,
or primate). In a more particular example, the mammal is a
mouse comprising a transgene with a mutation in SOD1. In an
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even more particular embodiment, the mouse comprises a
transgene with a mutation in SOD1, wherein the transgene is
SOD1G93A. In another particular embodiment, the mammal
is a human.

Also encompassed herein is a method for screening to
identify an agent that increases MuSK activity, the method
comprising: contacting populations of myotubes with at least
one agent in vitro and assaying the MuSK activity in the
populations after the contacting, wherein an increase in
MuSK activity in a population of myotubes following contact
with the at least one agent relative to that following contact
with a control agent identifies the at least one agent as an
agent that increases MuSK activity.

In a particular embodiment of the screening method, the
myotubes are differentiated from muscle cells grown in vitro.
In a more particular embodiment, the myotubes or muscle
cells are isolated from a mouse comprising a transgene with a
mutation in SOD1. In an even more particular embodiment,
the mouse comprises a transgene with a mutation in SODI1,
wherein the transgene is SOD1G93A.

In an embodiment of the screening method, the MuSK
activity is measured by detecting MuSK phosphorylation
levels and/or clustering of acetylcholine receptors (AChR).
More particularly, an increase in MuSK activity may be mea-
sured by detecting increased levels of MuSK phosphorylation
and/or clustering of acetylcholine receptors (AChR) follow-
ing contacting with the at least one agent.

In another particular embodiment of the screening method,
the at least one agent is a polypeptide, an antibody or antibody
fragment, a polynucleotide, a chemical compound, or a small
molecule.

In another embodiment of the screening methods described
herein, the agent is a polypeptide comprising or consisting of
the amino acid sequence of agrin or Lrp4 or functional frag-
ments thereof. Exemplary amino acid sequences of human
agrin are designated herein as SEQ ID NO: 2. Exemplary
amino acid sequences of human Lrp4 are designated herein as
SEQ ID NO: 4.

The screening method may further comprise a secondary
assay, wherein the at least one agent identified as an agent that
increases MuSK activity in the primary screen is evaluated in
a secondary assay wherein MuSK is immunoprecipitated
from cell lysates and analyzed by probing Western blots with
antibodies to phosphotyrosine.

Also encompassed herein is a method for delaying motor
dysfunction in a subject, the method comprising: administer-
ing an agent that increases muscle specific receptor kinase
(MuSK) activity as identified by a screening method
described herein to the subject in a therapeutically effective
amount sufficient to increase MuSK activity in the subject
and thereby improve motor function in the subject.

In a further embodiment, a method for preserving neuro-
muscular synapses in a subject is envisioned, the method
comprising: administering an agent that increases muscle
specific receptor kinase (MuSK) activity as identified by a
screening method described herein to the subject in a thera-
peutically effective amount sufficient to increase MuSK
activity in the subject and thereby preserve neuromuscular
synapses in the subject.

In a still further embodiment, use of an agent that increases
muscle specific receptor kinase (MuSK) activity as identified
by a screening method described herein in the preparation of
a medicament for delaying motor dysfunction in a subject is
envisioned, wherein the medicament is administered in a
therapeutically effective amount that increases MuSK activ-
ity in the subject and thereby improves motor function in the
subject.
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In yet another embodiment, use of an agent that increases
muscle specific receptor kinase (MuSK) activity as identified
by a screening method described herein in the preparation of
a medicament for preserving neuromuscular synapses in a
subject is envisioned, wherein the medicament is adminis-
tered in a therapeutically effective amount that increases
MuSK activity in the subject and thereby preserves neuro-
muscular synapses in the subject.

Yet another embodiment encompasses an agent that
increases muscle specific receptor kinase (MuSK) activity as
identified by a screening method described herein for use in
delaying motor dysfunction in a subject, wherein the agent is
administered to the subject in a therapeutically effective
amount sufficient to increase MuSK activity in the subject
and thereby improve motor function in the subject.

A further embodiment encompasses an agent that increases
muscle specific receptor kinase (MuSK) activity as identified
by a screening method described herein for use in preserving
neuromuscular synapses in a subject, wherein the agent is
administered to the subject in a therapeutically effective
amount sufficient to increase MuSK activity in the subject
and thereby preserve neuromuscular synapses in the subject.

Other objects and advantages will become apparent to
those skilled in the art from a review of the following descrip-
tion which proceeds with reference to the following illustra-
tive drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows that MuSK over-expression delays the onset
and reduces the extent of denervation in SOD1G93 A mice. A)
Denervation becomes evident at P120 in SOD1G93A mice
and at P130in SOD1G93 A mice over-expressing MuSK. The
extent of denervation remains lower in mice over-expressing
MuSK through P150. B) At P140, only 8% of synapses are
denervated in SOD1G93A mice over-expressing MuSK,
whereas 52% of synapses are denervated in SOD1G93A
mice. C) Images of synapses from P140 mice stained with
a-BGT to label AChRs and antibodies to Neurofilament and
Synapsin to label motor axons and nerve terminals. Staining
for Synapsin and AChRs overlap at innervated synapses,
whereas Synapsin staining is absent from denervated syn-
apses, which retain a high density of AChRs.

FIG. 2 shows that MuSK over-expression preserves full
innervation in SOD1G93A mice. A) In SOD1G93 A mice, the
number of normally innervated synapses falls to 20% by
P140. In SOD1G93A mice over-expressing MuSK, nearly
80% of synapses remain normally innervated at P140. B)
Normally innervated, partially innervated and denervated
synapses are distinguished by differences in overlap of stain-
ing for Synapsin and AChRs.

FIG. 3 shows that grip strength and Rota Rod performance
are enhanced in SOD1G93 A mice over-expressing MuSK. A)
The ability of SOD1G93A mice to cling to the wire grid
declines rapidly after P110. MuSK over-expression increases
the time that mice cling to the wire grid. B) SOD1G93 A mice
fall from the Rota Rod beginning at P100 whereas mice
over-expressing MuSK begin to fall at P120. SOD1G93A
mice over-expressing MuSK remain on the rotating bar
longer than SOD1G93A mice at all subsequent times. The
analysis included 25-30 mice at P80-P120, 35 mice at P130,
40 mice at P140, 32 mice at P150 and 32 at P160. Signifi-
cantly different values (p<0.05) for SODIG93A and
SOD1G93A; HSA::MuSK-L mice are indicated (*).

FIG. 4 shows that MuSK over-expression does not increase
longevity of SOD1G93A mice. A) The mean survival of
SOD1G93A; HSA::MuSK-L mice was 164.82+1.83 days,
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which is not significantly longer (p>0.05) than SOD1G93A
mice (160.1+2.09 days). B) Model for stabilizing motor nerve
terminals. In SOD1G93 A mice, synapses become denervated
as motor neurons lose expression of receptors for muscle
retrograde signals, which promote differentiation and
muscle-attachment of nerve terminals. In SOD1G93A mice
over-expressing MuSK, retrograde signaling is enhanced,
preserving nerve terminal differentiation and muscle-attach-
ment at times when receptor expression is reduced but not
absent.

FIG. 5 shows that MuSK over-expression delays the onset
and reduces the extent of denervation in SOD1G93 A mice. A)
Immunohistochemistry ofthe diaphragm muscle stained with
antibodies against Synapsin to label nerve terminals and with
a-bungarotoxin (a-BGT) to visualize acetylcholine receptors
(AChRs) in muscle is shown. The extent of denervation (ar-
rowheads) in SOD1G93 A transgenic mice increases progres-
sively from P110 through P150. MuSK over-expression
delays the onset and decreases the extent of denervation in
SOD1G93A; HAS::MuSK-L transgenic mice. Arrowhead
mark denervated synapses. B) Histogram depicting % dener-
vation relative to age.

FIG. 6 demonstrates that copy number of the SOD1G93A
transgene did not change over multiple generations. The copy
number of the SOD1GI3A transgene was measured by real
time PCR, which revealed that the copy number did not
change over multiple generations and during the course ofthe
experiments.

FIG. 7 reveals that MuSK agonist antibodies #13 and #22
stimulate MuSK phosphorylation. Antibody #22, which
reacts with MuSK, and a negative control antibody (g-gD) fail
to stimulate MuSK. C2 myotubes were treated with Agrin (1
nM) or antibodies to MuSK (50 nM) for the indicated times.
MuSK was immunoprecipitated from lysates, and Western
blots were probed with rabbit antibodies to MuSK or phos-
photyrosine, as described previously (Friese et al., 2007; Hal-
lock et al., 2010; Herbst and Burden, 2000, the entire content
of'each of which is incorporated herein by reference).

DETAILED DESCRIPTION OF THE INVENTION

In accordance with the present invention there may be
employed conventional molecular biology, microbiology,
and recombinant DNA techniques within the skill of the art.
Such techniques are explained fully in the literature. See, e.g.,
Sambrook et al, “Molecular Cloning: A Laboratory Manual”
(1989); “Current Protocols in Molecular Biology” Volumes
I-1IT [Ausubel, R. M., ed. (1994)]; “Cell Biology: A Labora-
tory Handbook” Volumes I-II1 [J. E. Celis, ed. (1994))]; “Cur-
rent Protocols in Immunology” Volumes I-I1I [Coligan, J. E.,
ed. (1994)]; “Oligonucleotide Synthesis” (M. J. Gait ed.
1984); “Nucleic Acid Hybridization” [B. D. Hames & S. J.
Higgins eds. (1985)]; “Transcription And Translation” [B. D.
Hames & S. J. Higgins, eds. (1984)]; “Animal Cell Culture”
[RI. Freshney, ed. (1986)]; “Immobilized Cells And
Enzymes” [IRL Press, (1986)]; B. Perbal, “A Practical Guide
To Molecular Cloning” (1984).

Therefore, if appearing herein, the following terms shall
have the definitions set out below.

A. TERMINOLOGY

The term “specific binding member” describes a member
of'a pair of molecules, which have binding specificity for one
another. The members of a specific binding pair may be
naturally derived or wholly or partially synthetically pro-
duced. One member of the pair of molecules has an area on its
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surface, or a cavity, which specifically binds to and is there-
fore complementary to a particular spatial and polar organi-
zation of the other member of the pair of molecules. Thus the
members of the pair have the property of binding specifically
to each other. Examples of types of specific binding pairs are
antigen-antibody, biotin-avidin, hormone-hormone receptor,
receptor-ligand, enzyme-substrate. This application is con-
cerned with antigen-antibody type reactions.

The term “antibody” describes an immunoglobulin
whether natural or partly or wholly synthetically produced.
The term also covers any polypeptide or protein having a
binding domain, which is, or is homologous to, an antibody
binding domain. CDR grafted antibodies are also contem-
plated by this term. An “antibody” is any immunoglobulin,
including antibodies and fragments thereof, that binds a spe-
cific epitope. The term encompasses polyclonal, monoclonal,
and chimeric antibodies, the last mentioned described in fur-
ther detail in U.S. Pat. Nos. 4,816,397 and 4,816,567. The
term “antibody(ies)” includes a wild type immunoglobulin
(Ig) molecule, generally comprising four full length polypep-
tide chains, two heavy (H) chains and two light (L) chains, or
an equivalent Ig homologue thereof (e.g., a camelid nano-
body, which comprises only a heavy chain); including full
length functional mutants, variants, or derivatives thereof,
which retain the essential epitope binding features of an Ig
molecule, and including dual specific, bispecific, multispe-
cific, and dual variable domain antibodies; Immunoglobulin
molecules can be of any class (e.g., 1gG, IgE, IgM, IgD, IgA,
and IgY), or subclass (e.g., IgG1, IgG2, 1gG3, 1gG4, IgAl,
and IgA2). Also included within the meaning of the term
“antibody” is any “antibody fragment”.

An “antibody fragment” means a molecule comprising at
least one polypeptide chain that is not full length, including (i)
a Fab fragment, which is a monovalent fragment consisting of
the variable light (VL), variable heavy (VH), constant light
(CL) and constant heavy 1 (CH1) domains; (ii) a F(ab")2
fragment, which is a bivalent fragment comprising two Fab
fragments linked by a disulfide bridge at the hinge region; (iii)
aheavy chain portion of an Fab (Fd) fragment, which consists
of the VH and CH1 domains; (iv) a variable fragment (Fv)
fragment, which consists of the VL. and VH domains of a
single arm of an antibody, (v) a domain antibody (dAb) frag-
ment, which comprises a single variable domain (Ward, E. S.
et al., Nature 341, 544-546 (1989)); (vi) a camelid antibody;
(vii) an isolated complementarity determining region (CDR);
(viii) a Single Chain Fv (ScFv) Fragment wherein a VH
domain and a VL domain are linked by a peptide linker which
allows the two domains to associate to form an antigen bind-
ing site (Bird et al, Science, 242, 423-426, 1988; Huston et al,
PNAS USA, 85, 5879-5883, 1988); (ix) a diabody, which is a
bivalent, bispecific antibody in which VH and VL. domains
are expressed on a single polypeptide chain, but using a linker
that is too short to allow for pairing between the two domains
on the same chain, thereby forcing the domains to pair with
the complementarity domains of another chain and creating
two antigen binding sites (W(094/13804; P. Holliger et al
Proc. Natl. Acad. Sci. USA 90 6444-6448, (1993)); and (x) a
linear antibody, which comprises a pair of tandem Fv seg-
ments (VH-CH1-VH-CH1) which, together with comple-
mentarity light chain polypeptides, form a pair of antigen
binding regions; (xi) multivalent antibody fragments (scFv
dimers, trimers and/or tetramers (Power and Hudson, J.
Immunol. Methods 242: 193-204 9 (2000)); and (xii) other
non-full length portions of heavy and/or light chains, or
mutants, variants, or derivatives thereof, alone or in any com-
bination.
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As antibodies can be modified in a number of ways, the
term “antibody” should be construed as covering any specific
binding member or substance having a binding domain with
the required specificity. Thus, this term covers antibody frag-
ments, derivatives, functional equivalents and homologues of
antibodies, including any polypeptide comprising an immu-
noglobulin binding domain, whether natural or wholly or
partially synthetic. Chimeric molecules comprising an immu-
noglobulin binding domain, or equivalent, fused to another
polypeptide are therefore included. Cloning and expression
of chimeric antibodies are described in EP-A-0120694 and
EP-A-0125023 and U.S. Pat. Nos. 4,816,397 and 4,816,567.

An “antibody combining site” is that structural portion of
an antibody molecule comprised of light chain or heavy and
light chain variable and hypervariable regions that specifi-
cally binds antigen.

The term “variable” refers to the fact that certain portions
of'the variable domains differ extensively in sequence among
antibodies and are used in the binding and specificity of each
particular antibody for its particular antigen. Variability is
not, however, evenly distributed throughout antibody variable
domains and is concentrated in three segments called comple-
mentarity determining regions (CDRs) or hypervariable
regions which are found in both the light chain and heavy
chain variable domains. The more highly conserved portions
of variable domains are referred to as the framework (FR).
The variable domains of native heavy and light chains each
comprise four FR regions, largely adopting a beta-sheet con-
figuration, connected by three CDRs, which form loops con-
necting, and in some cases forming part of, the beta-sheet
structure. The CDRs in each chain are held together in close
proximity by the FR regions and, with the CDRs from the
other chain, contribute to the formation of the antigen binding
site of an antibody. The constant domains are not involved
directly in antigen binding, but exhibit various effector func-
tions, such as participation of the antibody in antibody-de-
pendent cellular toxicity.

The phrase “antibody molecule” in its various grammatical
forms as used herein contemplates both an intact immuno-
globulin molecule and an immunologically active portion of
an immunoglobulin molecule.

Exemplary antibody molecules are intact immunoglobulin
molecules, substantially intact immunoglobulin molecules
and those portions of an immunoglobulin molecule that con-
tain the paratope, including those portions known in the art as
Fab, Fab', F(ab'), and F(v), which portions are preferred for
use in the therapeutic methods described herein.

Antibodies may also be bispecific, wherein one binding
domain of the antibody is a specific binding member of the
invention, and the other binding domain has a different speci-
ficity, e.g. to recruit an effector function or the like. Bispecific
antibodies of the present invention include wherein one bind-
ing domain of the antibody is a specific binding member of
the present invention, including a fragment thereof, and the
other binding domain is a distinct antibody or fragment
thereof, including that of a distinct anti-growth hormone
receptor specific antibody. The other binding domain may be
an antibody that recognizes or targets a particular cell type, as
in a muscle, neural or glial cell-specific antibody. In the
bispecific antibodies of the present invention the one binding
domain of the antibody of the invention may be combined
with other binding domains or molecules which recognize
particular cell receptors and/or modulate cells in a particular
fashion, as for instance an immune modulator (e.g., interleu-
kin(s)), a growth modulator or cytokine, or mitotic agent or
factor.
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The phrase “monoclonal antibody™ in its various gram-
matical forms refers to an antibody having only one species of
antibody combining site capable of immunoreacting with a
particular antigen. A monoclonal antibody thus typically dis-
plays a single binding affinity for any antigen with which it
immunoreacts. A monoclonal antibody may also contain an
antibody molecule having a plurality of antibody combining
sites, each immunospecific for a different antigen; e.g., a
bispecific (chimeric) monoclonal antibody.

The term “antigen binding domain” describes the part of an
antibody which comprises the area which specifically binds
to and is complementary to part or all of an antigen. Where an
antigen is large, an antibody may bind to a particular part of
the antigen only, which part is termed an epitope. An antigen
binding domain may be provided by one or more antibody
variable domains. Preferably, an antigen binding domain
comprises an antibody light chain variable region (VL) and an
antibody heavy chain variable region (VH).

The term “specific” may be used to refer to the situation in
which one member of a specific binding pair will not show
any significant binding to molecules other than its specific
binding partner(s). The term is also applicable where e.g. an
antigen binding domain is specific for a particular epitope
which is carried by a number of antigens, in which case the
specific binding member carrying the antigen binding domain
will be able to bind to the various antigens carrying the
epitope.

The term “activating antibody” refers an antibody that
upon binding specifically to an antigen for which it has speci-
ficity activates the antigen. With respect to an activating anti-
body specific for MuSK, upon binding MuSK, the activating
antibody would activate MuSK, thus leading to MuSK phos-
phorylation and subsequent clustering of AChR. Exemplary
such antibodies include
agonist antibodies #13 and #22 described herein. See also Xie
et al. (1997), the entire content of which is incorporated
herein in its entirety.

The term “adjuvant” refers to a compound or mixture that
enhances the immune response, particularly to an antigen. An
adjuvant can serve as a tissue depot that slowly releases the
antigen and also as a lymphoid system activator that non-
specifically enhances the immune response (Hood et al.,
Immunology, Second Ed., 1984, Benjamin/Cummings:
Menlo Park, Calif., p. 384). Often, a primary challenge with
an antigen alone, in the absence of an adjuvant, will fail to
elicit a humoral or cellular immune response. Previously
known and utilized adjuvants include, but are not limited to,
complete Freund’s adjuvant, incomplete Freund’s adjuvant,
saponin, mineral gels such as aluminum hydroxide, surface
active substances such as lysolecithin, pluronic polyols,
polyanions, peptides, oil or hydrocarbon emulsions, keyhole
limpet hemocyanins, dinitrophenol, and potentially useful
human adjuvant such as BCG (bacille Calmette-Guerin) and
Corynebacterium parvum. Mineral salt adjuvants include but
are not limited to: aluminum hydroxide, aluminum phos-
phate, calcium phosphate, zinc hydroxide and calcium
hydroxide. Preferably, the adjuvant composition further com-
prises a lipid of fat emulsion comprising about 10% (by
weight) vegetable oil and about 1-2% (by weight) phospho-
lipids. Preferably, the adjuvant composition further option-
ally comprises an emulsion form having oily particles dis-
persed in a continuous aqueous phase, having an emulsion
forming polyol in an amount of from about 0.2% (by weight)
to about 49% (by weight), optionally a metabolizable oil in an
emulsion-forming amount of up to 15% (by weight), and
optionally a glycol ether-based surfactant in an emulsion-
stabilizing amount of up to about 5% (by weight).
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As used herein, the term “immunomodulator” refers to an
agent which is able to modulate an immune response. An
example of such modulation is an enhancement of cell acti-
vation or of antibody production.

The term “effective amount” of an immunomodulator
refers to an amount of an immunomodulator sufficient to
enhance an immune response (e.g., a vaccine-induced
immune response), be it cell-mediated, humoral or antibody-
mediated. An effective amount of an immunomodulator, if
injected, can be in the range of about 0.1-1,000 pg, preferably
1-900 pg, more preferably 5-500 pg, for a human subject, or
in the range of about 0.01-10.0 ng/Kg body weight of the
subject animal. This amount may vary to some degree
depending on the mode of administration, but will be in the
same general range. If more than one immunomodulator is
used, each one may be present in these amounts or the total
amount may fall within this range. An effective amount of an
antigen may be an amount capable of eliciting a demonstrable
immune response in the absence of an immunomodulator. For
many antigens, this is in the range of about 5-100 ng for a
human subject. The appropriate amount of antigen to be used
is dependent on the specific antigen and is well known in the
art.

The exact effective amount necessary will vary from sub-
ject to subject, depending on the species, age and general
condition of the subject, the severity of the condition being
treated, the mode of administration, etc. Thus, it is not pos-
sible to specify an exact effective amount. However, the
appropriate effective amount may be determined by one of
ordinary skill in the art using only routine experimentation or
prior knowledge in the vaccine art.

An “immunological response” to a composition or vaccine
comprised of an antigen is the development in the host of a
cellular- and/or antibody-mediated immune response to the
composition or vaccine of interest. Usually, such a response
consists of the subject producing antibodies, B cells, helper T
cells, suppressor T cells, and/or cytotoxic T cells directed
specifically to an antigen or antigens included in the compo-
sition or vaccine of interest.

The term “comprise” is generally used in the sense of
include, that is to say permitting the presence of one or more
features or components.

The term “consisting essentially of” refers to a product,
particularly a peptide sequence, of a defined number of resi-
dues which is not covalently attached to a larger product. In
the case of the peptide of the invention referred to above,
those of skill in the art will appreciate that minor modifica-
tions to the N- or C-terminal of the peptide may however be
contemplated, such as the chemical modification of the ter-
minal to add a protecting group or the like, e.g. the amidation
of the C-terminus.

The term “isolated” refers to the state in which specific
binding members of the invention or nucleic acid encoding
such binding members will be, in accordance with the present
invention. Members and nucleic acid will be free or substan-
tially free of material with which they are naturally associated
such as other polypeptides or nucleic acids with which they
are found in their natural environment, or the environment in
which they are prepared (e.g. cell culture) when such prepa-
ration is by recombinant DNA technology practiced in vitro
or in vivo. Members and nucleic acid may be formulated with
diluents or adjuvants and still for practical purposes be iso-
lated—{for example the members will normally be mixed with
gelatin or other carriers ifused to coat microtitre plates foruse
in immunoassays, or will be mixed with pharmaceutically
acceptable carriers or diluents when used in diagnosis or
therapy.
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As used herein, “pg” means picogram, ‘“ng” means nano-
gram, “ug” or “ug” mean microgram, “mg” means milligram,
“ul” or “ul” mean microliter, “ml” means milliliter, “” means
liter.

The amino acid residues described herein are preferred to
be in the “L” isomeric form. However, residues in the “D”
isomeric form can be substituted for any [.-amino acid resi-
due, as long as the desired functional property of immuno-
globulin-binding is retained by the polypeptide. NH, refers to
the free amino group present at the amino terminus of a
polypeptide. COOH refers to the free carboxy group present
at the carboxy terminus of a polypeptide. In keeping with
standard polypeptide nomenclature, J. Biol. Chem.,
243:3552-59 (1969), abbreviations for amino acid residues
are shown in the following Table of Correspondence:

TABLE OF CORRESPONDENCE

SYMBOL
1-Letter 3-Letter AMINO ACID

Y Tyr tyrosine

G Gly glycine

F Phe phenylalanine
M Met methionine

A Ala alanine

S Ser serine

I Ile isoleucine

L Leu leucine

T Thr threonine

\' Val valine

P Pro proline

K Lys lysine

H His histidine

Q Gln glutamine

E Glu glutamic acid
w Trp tryptophan

R Arg arginine

D Asp aspartic acid
N Asn asparagine

C Cys cysteine

It should be noted that all amino-acid residue sequences are
represented herein by formulae whose left and right orienta-
tion is in the conventional direction of amino-terminus to
carboxy-terminus. Furthermore, it should be noted thata dash
at the beginning or end of an amino acid residue sequence
indicates a peptide bond to a further sequence of one or more
amino-acid residues. The above Table is presented to corre-
late the three-letter and one-letter notations which may
appear alternately herein.

A “replicon” is any genetic element (e.g., plasmid, chro-
mosome, virus) that functions as an autonomous unit of DNA
replication in vivo; i.e., capable of replication under its own
control.

A ““vector” is a replicon, such as plasmid, phage or cosmid,
to which another DNA segment may be attached so asto bring
about the replication of the attached segment.

A “DNA molecule” refers to the polymeric form of deox-
yribonucleotides (adenine, guanine, thymine, or cytosine) in
its either single stranded form, or a double-stranded helix.
This term refers only to the primary and secondary structure
of'the molecule, and does not limit it to any particular tertiary
forms. Thus, this term includes double-stranded DNA found,
inter alia, in linear DNA molecules (e.g., restriction frag-
ments), viruses, plasmids, and chromosomes. In discussing
the structure of particular double-stranded DNA molecules,
sequences may be described herein according to the normal
convention of giving only the sequence in the 5'to 3' direction
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along the nontranscribed strand of DNA (i.e., the strand hav-
ing a sequence homologous to the mRNA).

An “origin of replication” refers to those DNA sequences
that participate in DNA synthesis.

A DNA “coding sequence” is a double-stranded DNA
sequence which is transcribed and translated into a polypep-
tide in vivo when placed under the control of appropriate
regulatory sequences. The boundaries of the coding sequence
are determined by a start codon at the 5' (amino) terminus and
a translation stop codon at the 3' (carboxyl) terminus. A
coding sequence can include, but is not limited to, prokaryotic
sequences, cDNA from eukaryotic mRNA, genomic DNA
sequences from eukaryotic (e.g., mammalian) DNA, and
even synthetic DNA sequences. A polyadenylation signal and
transcription termination sequence will usually be located 3'
to the coding sequence.

Transcriptional and translational control sequences are
DNA regulatory sequences, such as promoters, enhancers,
polyadenylation signals, terminators, and the like, that pro-
vide for the expression of a coding sequence in a host cell.

A “promoter sequence” is a DNA regulatory region
capable of binding RNA polymerase in a cell and initiating
transcription of a downstream (3' direction) coding sequence.
For purposes of defining the present invention, the promoter
sequence is bounded at its 3' terminus by the transcription
initiation site and extends upstream (5' direction) to include
the minimum number of bases or elements necessary to ini-
tiate transcription at levels detectable above background.
Within the promoter sequence will be found a transcription
initiation site (conveniently defined by mapping with
nuclease Si), as well as protein binding domains (consensus
sequences) responsible for the binding of RNA polymerase.
Eukaryotic promoters will often, but not always, contain
“TATA” boxes and “CAT” boxes. Prokaryotic promoters con-
tain Shine-Dalgarno sequences in addition to the —10 and -35
consensus sequences.

An “expression control sequence” is a DNA sequence that
controls and regulates the transcription and translation of
another DNA sequence. A coding sequence is “under the
control” of transcriptional and ftranslational control
sequences in a cell when RNA polymerase transcribes the
coding sequence into mRNA, which is then translated into the
protein encoded by the coding sequence.

A “signal sequence” can be included before the coding
sequence. This sequence encodes a signal peptide, N-termi-
nal to the polypeptide, that communicates to the host cell to
direct the polypeptide to the cell surface or secrete the
polypeptide into the media, and this signal peptide is clipped
off by the host cell before the protein leaves the cell. Signal
sequences can be found associated with a variety of proteins
native to prokaryotes and eukaryotes.

The term “oligonucleotide,” as used herein in referring to
the probe of the present invention, is defined as a molecule
comprised of two or more ribonucleotides, preferably more
than three. Its exact size will depend upon many factors
which, in turn, depend upon the ultimate function and use of
the oligonucleotide.

The term “primer” as used herein refers to an oligonucle-
otide, whether occurring naturally as in a purified restriction
digest or produced synthetically, which is capable of acting as
a point of initiation of synthesis when placed under condi-
tions in which synthesis of a primer extension product, which
is complementary to a nucleic acid strand, is induced, i.e., in
the presence of nucleotides and an inducing agent such as a
DNA polymerase and at a suitable temperature and pH. The
primer may be either single-stranded or double-stranded and
must be sufficiently long to prime the synthesis of the desired
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extension product in the presence of the inducing agent. The
exact length of the primer will depend upon many factors,
including temperature, source of primer and use of the
method. For example, for diagnostic applications, depending
on the complexity of the target sequence, the oligonucleotide
primer typically contains 15-25 or more nucleotides,
although it may contain fewer nucleotides.

The primers herein are selected to be “substantially”
complementary to different strands of a particular target DNA
sequence. This means that the primers must be sufficiently
complementary to hybridize with their respective strands.
Therefore, the primer sequence need not reflect the exact
sequence of the template. For example, a non-complementary
nucleotide fragment may be attached to the 5' end of the
primer, with the remainder of the primer sequence being
complementary to the strand. Alternatively, non-complemen-
tary bases or longer sequences can be interspersed into the
primer, provided that the primer sequence has sufficient
complementarity with the sequence of the strand to hybridize
therewith and thereby form the template for the synthesis of
the extension product.

As used herein, the terms “restriction endonucleases” and
“restriction enzymes” refer to bacterial enzymes, each of
which cut double-stranded DNA at or near a specific nucle-
otide sequence.

A cell has been “transformed” by exogenous or heterolo-
gous DNA when such DNA has been introduced inside the
cell. The transforming DNA may or may not be integrated
(covalently linked) into chromosomal DNA making up the
genome of the cell. In prokaryotes, yeast, and mammalian
cells for example, the transforming DNA may be maintained
on an episomal element such as a plasmid. With respect to
eukaryotic cells, a stably transformed cell is one in which the
transforming DNA has become integrated into a chromosome
so that it is inherited by daughter cells through chromosome
replication. This stability is demonstrated by the ability of the
eukaryotic cell to establish cell lines or clones comprised of a
population of daughter cells containing the transforming
DNA. A “clone” is a population of cells derived from a single
cell or common ancestor by mitosis. A “cell line” is a clone of
a primary cell that is capable of stable growth in vitro for
many generations.

Two DNA sequences are “substantially homologous”
when at least about 75% (preferably at least about 80%, and
most preferably at least about 90 or 95%) of the nucleotides
match over the defined length of the DNA sequences.
Sequences that are substantially homologous can be identi-
fied by comparing the sequences using standard software
available in sequence data banks, or in a Southern hybridiza-
tion experiment under, for example, stringent conditions as
defined for that particular system. Defining appropriate
hybridization conditions is within the skill of the art. See, e.g.,
Maniatis et al., supra; DNA Cloning, Vols. I & 11, supra;
Nucleic Acid Hybridization, supra.

It should be appreciated that also within the scope of the
present invention are DNA sequences encoding protein or
peptide sequences as provided herein, or comprising
sequences which are degenerate thereto. DNA sequences
having the nucleic acid sequence encoding the peptides of the
invention are contemplated, including degenerate sequences
thereof encoding the same, or a conserved or substantially
similar, amino acid sequence. By “degenerate t0” is meant
that a different three-letter codon is used to specify a particu-
lar amino acid. It is well known in the art that the following
codons can be used interchangeably to code for each specific
amino acid:
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Phenylalanine (Phe or F) UUU or UUC
Leucine (Leu or L) UUA or UUG or CUU or CUC or CUA or

CUG
Isoleucine (Ile or I) AUU or AUC or AUA
Methionine (Metor M)  AUG

GUU or GUC of GUA or GUG
UCU or UCC or UCA or UCG or AGU or

Valine (Val or V)
Serine (Ser or S)

AGC
Proline (Pro or P) CCU or CCC or CCA or CCG
Threonine (Thr or T) ACU or ACC or ACA or ACG
Alanine (Ala or A) GCU or GCG or GCA or GCG
Tyrosine (Tyr orY) UAU or UAC
Histidine (His or H) CAU or CAC
Glutamine (Gln or Q) CAA or CAG
Asparagine (Asn or N) AAU or AAC
Lysine (Lys or K) AAA or AAG
Aspartic Acid (Asp or D) GAU or GAC
Glutamic Acid (Gluor E) GAA or GAG
Cysteine (Cys or C) UGU or UGC
Arginine (Arg or R) CGU or CGC or CGA or CGG or AGA or
AGG
Glycine (Gly or G) GGU or GGC or GGA or GGG
Tryptophan (Trp or W) UGG

Termination codon UAA (ochre) or UAG (amber) or UGA (opal)

It should be understood that the codons specified above are
for RNA sequences. The corresponding codons for DNA have
a T substituted for U.

Mutations can be made in the sequences encoding the
protein or peptide sequences of the invention, such that a
particular codon is changed to a codon which codes for a
different amino acid. Such a mutation is generally made by
making the fewest nucleotide changes possible. A substitu-
tion mutation of this sort can be made to change an amino acid
in the resulting protein in a non-conservative manner (i.e., by
changing the codon from an amino acid belonging to a group-
ing of amino acids having a particular size or characteristic to
an amino acid belonging to another grouping) or in a conser-
vative manner (i.e., by changing the codon from an amino
acid belonging to a grouping of amino acids having a particu-
lar size or characteristic to an amino acid belonging to the
same grouping). Such a conservative change generally leads
to less change in the structure and function of the resulting
protein. A non-conservative change is more likely to alter the
structure, activity or function of the resulting protein. The
present invention should be considered to include sequences
containing conservative changes which do not significantly
alter the activity or binding characteristics of the resulting
protein.

The following is one example of various groupings of
amino acids:

Amino Acids with Nonpolar R Groups

Alanine, Valine, Leucine, Isoleucine, Proline, Phenylalanine,
Tryptophan, Methionine

Amino Acids with Uncharged Polar R Groups

Glycine, Serine, Threonine, Cysteine, Tyrosine, Asparagine,
Glutamine

Amino Acids with Charged Polar R Groups (Negatively
Charged at pH 6.0)

Aspartic acid, Glutamic acid
Basic Amino Acids (Positively Charged at pH 6.0)
Lysine, Arginine, Histidine (at pH 6.0)
Another grouping may be those amino acids with phenyl
groups:
Phenylalanine, Tryptophan, Tyrosine

Another grouping may be according to molecular weight
(i.e., size of R groups):
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Glycine 75 Alanine 89
Serine 105 Proline 115
Valine 117 Threonine 119
Cysteine 121 Leucine 131
Isoleucine 131 Asparagine 132
Aspartic acid 133 Glutamine 146
Lysine 146 Glutamic acid 147
Methionine 149 Histidine (at pH 6.0) 155
Phenylalanine 165 Arginine 174
Tyrosine 181 Tryptophan 204

Particularly preferred substitutions are:

Lys for Arg and vice versa such that a positive charge may
be maintained;

Glu for Asp and vice versa such that a negative charge may
be maintained;

Ser for Thr such that a free —OH can be maintained; and

Gln for Asn such that a free NH, can be maintained.

Exemplary and preferred conservative amino acid substi-
tutions include any of: glutamine (Q) for glutamic acid (E)
and vice versa; leucine (L) for valine (V) and vice versa;
serine (S) for threonine (T) and vice versa; isoleucine (I) for
valine (V) and vice versa; lysine (K) for glutamine (Q) and
vice versa; isoleucine (I) for methionine (M) and vice versa;
serine (S) for asparagine (N) and vice versa; leucine (L) for
methionine (M) and vice versa; lysine (L) for glutamic acid
(E) and vice versa; alanine (A) for serine (S) and vice versa;
tyrosine (Y) for phenylalanine (F) and vice versa; glutamic
acid (E) for aspartic acid (D) and vice versa; leucine (L) for
isoleucine (I) and vice versa; lysine (K) for arginine (R) and
vice versa.

Amino acid substitutions may also be introduced to sub-
stitute an amino acid with a particularly preferable property.
For example, a Cys may be introduced a potential site for
disulfide bridges with another Cys. A His may be introduced
as a particularly “catalytic” site (i.e., His can act as an acid or
base and is the most common amino acid in biochemical
catalysis). Pro may be introduced because of its particularly
planar structure, which induces beta-turns in the protein’s
structure.

Two amino acid sequences are “substantially homologous”
when at least about 70% of the amino acid residues (prefer-
ably at least about 80%, and most preferably at least about 90
or 95%) are identical, or represent conservative substitutions.

A “heterologous” region of the DNA construct is an iden-
tifiable segment of DNA within a larger DNA molecule that is
not found in association with the larger molecule in nature.
Thus, when the heterologous region encodes a mammalian
gene, the gene will usually be flanked by DNA that does not
flank the mammalian genomic DNA in the genome of the
source organism. Another example of a heterologous coding
sequence is a construct where the coding sequence itself is not
found in nature (e.g., a cDNA where the genomic coding
sequence contains introns, or synthetic sequences having
codons different than the native gene). Allelic variations or
naturally-occurring mutational events do not give rise to a
heterologous region of DNA as defined herein.

A DNA sequence is “operatively linked” to an expression
control sequence when the expression control sequence con-
trols and regulates the transcription and translation of that
DNA sequence. The term “operatively linked” includes hav-
ing an appropriate start signal (e.g., ATG) in front of the DNA
sequence to be expressed and maintaining the correct reading
frame to permit expression of the DNA sequence under the
control of the expression control sequence and production of
the desired product encoded by the DNA sequence. If a gene
that one desires to insert into a recombinant DNA molecule
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does not contain an appropriate start signal, such a start signal
can be inserted in front of the gene.

The term “standard hybridization conditions” refers to salt
and temperature conditions substantially equivalent to
5xSSCand 65° C. for both hybridization and wash. However,
one skilled in the art will appreciate that such “standard
hybridization conditions™ are dependent on particular condi-
tions including the concentration of sodium and magnesium
in the buffer, nucleotide sequence length and concentration,
percent mismatch, percent formamide, and the like. Also
important in the determination of “standard hybridization
conditions” is whether the two sequences hybridizing are
RNA-RNA, DNA-DNA or RNA-DNA. Such standard
hybridization conditions are easily determined by one skilled
in the art according to well known formulae, wherein hybrid-
ization is typically 10-20° C. below the predicted or deter-
mined T, with washes of higher stringency, if desired.

The term ‘agent” means any molecule, including polypep-
tides, antibodies, polynucleotides, chemical compounds and
small molecules. In particular the term agent includes com-
pounds such as test compounds or drug candidate com-
pounds.

The term ‘agonist’ refers to a ligand that stimulates the
receptor the ligand binds to in the broadest sense or stimulates
a response that would be elicited on binding of a natural
binder to a binding site.

The term ‘assay’ means any process used to measure a
specific property of acompound or agent. A ‘screening assay’
means a process used to characterize or select compounds
based upon their activity from a collection of compounds.

The term ‘preventing’ or ‘prevention’ refers to a reduction
in risk of acquiring or developing a disease or disorder (i.e.,
causing at least one of the clinical symptoms of the disease
not to develop) in a subject that may be exposed to a disease-
causing agent, or predisposed to the disease in advance of
disease onset.

Theterm ‘prophylaxis’ is related to and encompassed in the
term ‘prevention’, and refers to a measure or procedure the
purpose of which is to prevent, rather than to treat or cure a
disease. Non-limiting examples of prophylactic measures
may include the administration of vaccines; the administra-
tion of low molecular weight heparin to hospital patients at
risk for thrombosis due, for example, to immobilization; and
the administration of an anti-malarial agent such as chloro-
quine, in advance of a visit to a geographical region where
malaria is endemic or the risk of contracting malaria is high.

‘Subject’ includes humans. The terms “human,” “patient”
and “subject” may be used interchangeably herein.

‘Therapeutically effective amount’ means that amount of a
drug, compound, antimicrobial, antibody, or pharmaceutical
agent that will elicit the biological or medical response of a
subject that is being sought by a medical doctor or other
clinician. As an example, with regard to immune response, the
term “effective amount™ is intended to include an effective
amount of a compound or agent that will bring about a bio-
logically meaningful decrease in the amount of or extent of
immune response, activation indicator and/or a biologically
meaningful increase in the amount or extent of dendritic cell,
T cell and/or B cell effects. The phrase “therapeutically effec-
tive amount” is used herein to mean an amount sufficient to
prevent, and preferably reduce by at least about 30 percent,
more preferably by at least 50 percent, most preferably by at
least 90 percent, a clinically significant change in the immune
response or immune cell indicator or response, or in a
patient’s response to an antigen, vaccine, or other immune
agent, or in a patient’s clearance of an infectious agent, or
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other feature of pathology such as for example, elevated acti-
vated T or B cells, activated DC cell count, fever or white cell
count.

The term ‘treating’ or ‘treatment’ of any disease or infec-
tion refers, in one embodiment, to ameliorating the disease or
infection (i.e., arresting the disease or growth of the infectious
agent or bacteria or reducing the manifestation, extent or
severity of at least one of the clinical symptoms thereof). In
another embodiment ‘treating’ or ‘treatment’ refers to ame-
liorating at least one physical parameter, which may not be
discernible by the subject. In yet another embodiment, ‘treat-
ing’ or ‘treatment’ refers to modulating the disease or infec-
tion, either physically (e.g., stabilization of a discernible
symptom), physiologically, (e.g., stabilization of a physical
parameter), or both. In a further embodiment, ‘treating’ or
‘treatment’ relates to slowing the progression of a disease or
reducing an infection.

The phrase “pharmaceutically acceptable” refers to
molecular entities and compositions that are physiologically
tolerable and do not typically produce an allergic or similar
untoward reaction, such as gastric upset, dizziness and the
like, when administered to a human.

B. DETAILED DISCLOSURE

Previous investigations have shown that neuromuscular
synapses form in mice lacking Agrin, but these synapses are
unstable, leading to axon withdrawal and neonatal lethality.
The present inventor and his colleagues found that a three-
fold increase in MuSK expression, conferred by a MuSK-L
transgene, rescued these neuromuscular synapses and pre-
vented the neonatal lethality of agrin mutant mice (Kim and
Burden, 2008). These studies demonstrated that a modest
increase in MuSK activity is sufficient to prevent the disas-
sembly of neuromuscular synapses that occurs in the absence
of Agrin.

The experiments described herein were performed to deter-
mine whether MuSK over-expression might prevent motor
axon withdrawal in other mechanistically distinct instances
of synaptic dysfunction. To address this issue, the present
inventor crossed the MuSK transgene into a mouse model of
ALS (SOD1G93 A mice), wherein mice die prematurely due
to motor axon withdrawal from muscle and ultimately motor
neuron death. In experiments described herein, the present
inventor surprisingly found that MuSK over-expression
delays muscle denervation by forty days, preserving motor
behavior that would otherwise be severely compromised in
SOD1G93A mice. These results suggest that increasing
MuSK activity might delay symptoms and therefore be ben-
eficial for patients with ALS.

The finding that MuSk over-expression could partially res-
cue SOD1G93 A mice was surprising for a variety of reasons.
To begin, ALS is a motor neuron disease, whereas MuSK is
expressed in muscle, not motor neurons. Thus, it is surprising
that over-expression of any protein in a cell type (i.e., muscle
cell) other than the primarily impaired cell type could com-
pensate, even partially, for the genetic defects of the primary
cell type involved in ALS. Moreover, motor neurons in ALS
are compromised in numerous ways. The deficiencies in, for
example, mitochondrial function and axonal transport in ALS
motor neurons compromise motor neuron function and activ-
ity so severely that it could not be envisioned with any degree
of'likelihood that synapse preservation could be preserved by
increased expression of any single protein. This is especially
apparent with respect to increasing expression of a protein in
cells other than motor neurons wherein the activity of the
protein can have no direct effect on motor neuron activity/
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function. Given the above, it is surprising that over-expres-
sion of MuSK in muscle cells can preserve neuromuscular
synapses in the context ofa genetic background characterized
by motor neurons having severely impaired activity/function.

As described herein, the present inventor crossed MuSK-L.
mice with SOD1G93 A mice, which generated four types of
progeny: (1) wild-type mice; (2) MuSK-L; (3) SOD1G93A;
(4) MuSK-L; SOD1G93 A mice. The longevity of these mice
was assessed and MuSK over-expression, such as that
observed in MuSK-L mice, did not significantly prolong the
longevity of SOD1G93A mice. However, MuSK over-ex-
pression substantially delayed the onset and decreased the
extent of muscle denervation in MuSK-L; SOD1G93 A mice
relative to SOD1G93A mice, as reflected by the observation
that substantially more neuromuscular synapses appeared
intact over a forty day period (P120-P160) when synapses
disassemble in SOD1G93 A mice. Consistent with these his-
tological findings, MuSK over-expression substantially
improved motor function of SOD1G93 A mice in that MuSK-
L; SOD1G93 A mice exhibited greater ambulatory behavior
and muscle strength, as assessed on a rotarod and by grip
strength, over the same 40 day period, when SOD1G93A
mice showed severe signs of motor dysfunction and muscle
weakness.

The present findings indicate that increasing MuSK activ-
ity in muscle is sufficient to delay the onset and decrease the
extent of synaptic loss and improve motor dysfunction in a
mouse model of ALS. As such, increasing MuSK activity in
humans with ALS has the potential to alleviate and delay
motor dysfunction, allowing ALS patients to function without
assistance for a more prolonged period of time.

To pursue these findings further, studies are ongoing to
evaluate the ability of other means to activate MuSK in vivo
to alleviate motor dysfunction in ALS patients. Several pos-
sibilities for MuSK activators having potential utility in in
vivo applications include, without limitation: (1) Agrin and
Lrp4, which are known MuSK activators and can be tested in
the mouse model described herein; (2) Antibodies that acti-
vate MuSK in cultured muscle [see Xie et al. Nat. Biotech.
1997 15:768) and can be tested in vivo in, for example, the
mouse model described herein; and (3) using small molecule
activators of MuSK identified in the screening assays
described herein. Fragments thereof, suchas ScFv canalso be
tested using similar and/or identical assays.

Moreover, these findings raise the possibility that increas-
ing MuSK activity may alleviate motor dysfunction in other
disorders associated with nerve terminal loss or fragmenta-
tion, irrespective of the underpinning mechanistic causes that
led to the nerve terminal loss or fragmentation. Such disor-
ders include, for example, sarcopenia. Increasing MuSK
activity may also improve motor function in auto-immune,
anti-MuSK myasthenia gravis.

Amyotrophic Lateral Sclerosis

ALS is a devastating neurodegenerative disease, culminat-
ing in the death of motor neurons, complete muscle paralysis
and lethal respiratory failure, without cognitive impairment,
within five years of diagnosis (Fischer et al., 2004; Pasinelli
and Brown, 2006; Schaefer et al., 2005). The incidence of
disease is ~1/7,500, similar to muscular dystrophy or myas-
thenia gravis. The mechanisms responsible for neuronal cell
death are poorly understood, and studies designed to inhibit
motor neuron cell death, either by blocking cell death path-
ways or providing broadly acting growth factors, have had
little impact on disease progression (Kostic et al., 1997; Pun
etal.,2006; Sagotetal., 1995). As such, there are no therapies
to cure let alone slow disease progression.
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Dominant mutations in SOD1, TDP-43, FUS, and the
recently discovered C9orf72 gene are responsible for familial
forms of ALS and together represent ~17% of all cases of
ALS (Chen-Plotkin et al., 2010; Kwiatkowski et al., 2009;
Majounie et al., 2012; Pasinelli and Brown, 2006; Renton et
al., 2011; Vance et al., 2009). The pathological hallmarks of
the disease are well replicated in mice that overexpress
mutant forms of SOD1 in motor neurons, providing an excel-
lent model system for studying the pathology of ALS and
identifying approaches to treat this devastating disease
(Pasinelli and Brown, 2006). Although cell types other than
motor neurons, including grey matter oligodendrocytes and
microglia contribute to disease onset and progression (Ilieva
etal., 2009; Kang et al., 2010), expression of mutant forms of
SOD1 in skeletal muscle does not cause disease (Miller et al.,
2006). As such, dominant mutations in SOD1 actlargely in an
autonomous manner within motor neurons, consistent with
the idea that ALS is primarily a disease of upper and lower
motor neurons.
Sarcopenia

Sarcopenia, the atrophy and deterioration of skeletal
muscle that leads to weakness and fatigue, is a major and
debilitating consequence of aging. Moreover, sarcopenia is a
major driving force of aging, as sarcopenia reduces physical
activity and thereby compromises health by contributing to a
wide range of complications in multiple organ systems,
including vascular, cardiac, pulmonary and skeletal systems.
The factors that trigger sarcopenia are poorly understood, but
most attention has been focused on the idea that an increase in
proteasome activity in muscle causes an increase in protein
breakdown and causes muscle atrophy. As such, sarcopenia is
largely considered a muscle disease, not a synaptic disease.
Myasthenia Gravis

Myasthenia gravis is an auto-immune disease caused by
auto-antibodies to synaptic proteins, including acetylcholine
receptors (AChRs), MuSK & Lrp4, leading to muscle weak-
ness. The prevalence in the US is 1/~7,500. Auto-antibodies
to AChRs stimulate accelerated degradation of AChRs and
cause complement-mediated structural disorganization of the
synapse. In contrast, auto-antibodies to MuSK are 1gG4,
which are functionally monovalent and fail to engage
complement, suggesting that they interfere with MuSK func-
tion, rather than recruiting complement. Our recent, unpub-
lished studies, in collaboration with the Verschuuren lab in
Leiden, Netherlands, show that disease-causing auto-anti-
bodies to MuSK interfere with the ability of MuSK to bind
Lrp4, and therefore provide a ready explanation for the
inhibitory effects of these antibodies.
Therapeutic Strategies

Several types of therapeutic strategies are envisioned: (1)
Since Agrin is an activator of MuSK, supplying Agrin may
prove therapeutic in patients with ALS. As indicated above,
the SOD1G93 A mouse model described herein is a suitable
screening system in which to investigate therapeutic efficacy
of'agrin and agrin biological mimetics. (2) Since Lrp4 binds
and activates MuSK, fragments of Lrp4 that bind MuSK or
mimics of Lrp4 may prove therapeutic in patients with ALS.
As indicated above, the SOD1G93A mouse model described
herein can be used as an initial screening system to test
efficacy. (3) Antibodies to Lrp4 or MuSK that stimulate
MuSK may prove therapeutic in patients with ALS. This idea
could be first tested using the SOD1G93A mouse model
described here. (4) Small molecules that activate MuSK may
prove therapeutic in patients with ALS. Such activators might
be identified by screening for small molecules that stimulate
MuSK phosphorylation in cultured cells.
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Agrin is a large heparin sulphate proteoglycan with mul-
tiple domains, which is located in the extracellular matrix. It
is involved in neuromuscular junction formation, wherein it
directs clustering of postsynaptic molecules, including ace-
tylcholine receptors (AChRs). This activity is conferred by
the C-terminal portion of the protein, which consists of three
laminin-like globular domains (G-domains: G1, G2 and G3)
and four EGF-like repeats. In a study to investigate the con-
tributions of individual domains and alternate splicing to
agrin activity, single G-domains and covalently linked pairs
of G-domains were expressed as soluble proteins and their
AChR clustering activity assessed using cultured C2 myo-
tubes. See Cornish et al. (J Cell Sci 1999 112:1213-1223), the
entire content of which is incorporated herein by reference in
its entirety.

This study revealed that only G3(8) exhibits detectable
activity by itself, but all G-domains studied (G1, G2(0),
G2(4), G3(0) and G3(8)) enhance G3(8) activity when physi-
cally linked to G3(8). This effect is most pronounced when
(G2(4) is linked to G3(8) and is independent of the order of the
G-domains. The study also revealed that deletion of EGF-like
repeats enhances activity and increasing the physical separa-
tion between linked G1 and G3(8) domains produces a sig-
nificant increase in activity, whereas similar alterations to
linked G2 and G3(8) domains are without effect. Clusters
induced by two concatenated G3(8) domains were also shown
to be significantly smaller than all other agrin forms studied.
The study concluded that agrin G-domains are the functional
units involved in AchR clustering and interact independently
of'their specific organization in this activity. See Cornish et al.
(J Cell Sci 1999 112:1213-1223).

As described in Patel et al. (Protein Sci 2011 20:931-9400,
the entire content of which is incorporated herein by refer-
ence in its entirety), the C-terminal G3 domain of agrin is
critical for agrin function since it harbors an a-dystroglycan
binding site and carries out acetylcholine receptor clustering
activities. To further investigate its functionality, Patel et al.
fused the G3 domain of agrin to an IgG Fc domain to produce
a G3-Fc fusion protein. As further described therein, the
G3-Fc protein forms a T-shaped molecule with the G3
domains extruding perpendicularly from the Fc scaffold. In
light of the functional significance of the G3 domain, the
G3-Fc fusion protein of Patel et al. and structurally similar
fusion protein are exemplary agents to be tested in the screen-
ing assays described herein.

Accordingly, human agrin and functional fragments
thereof are exemplary agents to be tested in the screening
assays described herein. Human agrin and functional frag-
ments, such as, for example, G3(8) alone or linked to G1,
G2(0), G2(4), G3(0) and/or G3(8), are also envisioned as
exemplary agents for use as MuSK activators in applications
pertaining to methods for treating subjects in need thereof'and
for use in delaying motor dysfunction in a subject in need
thereof, or for use in preserving neuromuscular synapses in a
subject in need thereof. Exemplary nucleic and amino acid
sequences are known in the art (see, e.g., GenBank Accession
Number NM_198576.3 for human agrin mRNA) and pre-
sented herein as SEQ ID NOs: 1 and 2, respectively.

Further to the above, human Lrp4 and functional fragments
thereof are also exemplary agents to be tested in the screening
assays described herein. Human Lrp4 and functional frag-
ments are also envisioned as exemplary agents for use as
MuSK activators in applications pertaining to methods for
treating subjects in need thereof and for use in delaying motor
dysfunction in a subject in need thereof, or for use in preserv-
ing neuromuscular synapses in a subject in need thereof.
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Exemplary nucleic and amino acid sequences are known in
the art (see, e.g., GenBank Accession Number
NM_002334.33 for human Lrp4 mRNA) and presented
herein as SEQ ID NOs: 3 and 4, respectively.

Additional exemplary agents envisioned for testing in the
screening assays described herein include activating antibod-
ies immunospecific for MuSK. Xie et al. (Nat. Biotech. 1997
15:768), for example, describe monovalent scFv activating
antibodies, as well as IgG counterparts of these antibodies to
MuSK. In light of the above, it is clearly possible to screen
and identify antibodies that are capable of acting as MuSK
agonists. The content of Xie etal. (Nat. Biotech. 1997 15:768)
is incorporated herein by reference in its entirety.

In accordance with standard practice in antibody technol-
ogy, it is understood that full length antibodies or antigen
binding fragments or variants thereof can be envisioned that
comprise variable heavy (VH) and variable light (VL) chains
of'exemplary scFv fragments. It is, moreover, understood that
some variation in framework sequences is tolerated and does
not necessarily alter the binding properties or functional
activity of antibodies or functional fragments or variants
thereof as long as the CDR sequences, which are critical for
binding specificity, are preserved. Functional properties of
different regions of antibodies and functional fragments and
variants thereof are known to those skilled in the art and
described in, for example, Kabat et al., Sequences of Proteins
of Immunological Interest, National Institutes of Health,
Bethesda, Md. (1987).

Additional information pertaining to the exemplary scFvs
described, including nucleic acid sequences encoding same
and methods of making same, can be found, for example, in
the Sequence Listing and Examples of U.S. Pat. No. 6,737,
249 and United States Patent Application Publication No.
2006/0177441, the entire content of each of which is incor-
porated herein by reference.

In one embodiment, screening assays described herein
would require growing mouse muscle cell lines, such as, for
example, C2 cells, and allowing the cells to differentiate to
form myotubes. This is very straightforward. Cells would be
plated in 96 well plates and treated with small molecule
libraries. Since MuSK phosphorylation leads to clustering of
acetylcholine receptors (AChR), which can be readily visu-
alized by fluorescent microscopy, measuring AChR cluster-
ing would be the simplest means to identify small molecules
that activate MuSK. Moreover, because AChR clustering is
exceedingly rare in the absence of MuSK activation, it should
be quite simple to distinguish a bona fide signal from noise.
This primary assay would be followed-up with a secondary
assay in which MuSK phosphorylation is directly measured
by immunoprecipitating MuSK from cell lysates and probing
Western blots with antibodies to phosphotyrosine.

Nucleic and amino acid sequences corresponding to MuSK
are presented in U.S. Pat. Nos. 5,814,478; 6,413,740; and
6,852,838, the entire contents of each of which is incorpo-
rated herein in its entirety.

In one particular embodiment, with respect to the com-
pounds or agents described herein, the compound/agent is
administered alone or in conjunction with other compounds/
agents described herein or known to be efficacious in the
treatment of a disorder associated with synaptic loss and
motor dysfunction such as those described herein. In another
aspect, pharmaceutical compositions comprising a com-
pound/agent or a plurality of the compounds/agents described
herein are administered to a subject in need thereof. Com-
pounds and agents described herein may also be used in the
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preparation of a medicament for treating a disorder associated
with synaptic loss and motor dysfunction such as those
described herein.

In one embodiment, with respect to the method of treat-
ment, use of an agent of compound, or preparation of a medi-
cament, the disease or condition is a disorder associated with
synaptic loss and motor dysfunction. Such disorders include
amyotrophic lateral sclerosis (ALS), sarcopenia, and anti-
MuSK myasthenia gravis. In a particular embodiment, the
disease or condition is associated with nerve terminal loss or
fragmentation, wherein such condition is amyotrophic lateral
sclerosis.

Pharmaceutical Compositions

When employed as pharmaceuticals, the compounds of
this invention are typically administered in the form of a
pharmaceutical composition. Such compositions can be pre-
pared in a manner well known in the pharmaceutical art and
comprise at least one active compound.

Generally, the compounds of this invention are adminis-
tered in a pharmaceutically effective amount. The amount of
the compound actually administered will typically be deter-
mined by a physician, in the light of the relevant circum-
stances, including the condition to be treated, the chosen
route of administration, the actual compound administered,
the age, weight, and response of the individual patient, the
severity of the patient’s symptoms, and the like.

The pharmaceutical compositions of this invention can be
administered by a variety of routes including oral, rectal,
transdermal, subcutaneous, intravenous, intramuscular, and
intranasal. Depending on the intended route of delivery, the
compounds of this invention are preferably formulated as
either injectable or oral compositions or as salves, as lotions
or as patches all for transdermal administration.

The compositions for oral administration can take the form
of bulk liquid solutions or suspensions, or bulk powders.
More commonly, however, the compositions are presented in
unit dosage forms to facilitate accurate dosing. The term “‘unit
dosage forms” refers to physically discrete units suitable as
unitary dosages for human subjects and other mammals, each
unit containing a predetermined quantity of active material
calculated to produce the desired therapeutic effect, in asso-
ciation with a suitable pharmaceutical excipient. Typical unit
dosage forms include prefilled, premeasured ampules or
syringes of the liquid compositions or pills, tablets, capsules
or the like in the case of solid compositions. In such compo-
sitions, the furansulfonic acid compound is usually a minor
component (from about 0.1 to about 50% by weight or pref-
erably from about 1 to about 40% by weight) with the remain-
der being various vehicles or carriers and processing aids
helpful for forming the desired dosing form.

Liquid forms suitable for oral administration may include
a suitable aqueous or nonaqueous vehicle with buffers, sus-
pending and dispensing agents, colorants, flavors and the like.
Solid forms may include, for example, any of the following
ingredients, or compounds of a similar nature: a binder such
as microcrystalline cellulose, gum tragacanth or gelatin; an
excipient such as starch or lactose, a disintegrating agent such
as alginic acid, Primogel, or corn starch; a lubricant such as
magnesium stearate; a glidant such as colloidal silicon diox-
ide; a sweetening agent such as sucrose or saccharin; or a
flavoring agent such as peppermint, methyl salicylate, or
orange flavoring.

Injectable compositions are typically based upon inject-
able sterile saline or phosphate-buffered saline or other inject-
able carriers known in the art. As before, the active compound
in such compositions is typically a minor component, often
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being from about 0.05 to 10% by weight with the remainder
being the injectable carrier and the like.

Transdermal compositions are typically formulated as a
topical ointment or cream containing the active ingredient(s),
generally in an amount ranging from about 0.01 to about 20%
by weight, preferably from about 0.1 to about 20% by weight,
preferably from about 0.1 to about 10% by weight, and more
preferably from about 0.5 to about 15% by weight. When
formulated as a ointment, the active ingredients will typically
be combined with either a paraffinic or a water-miscible oint-
ment base. Alternatively, the active ingredients may be for-
mulated in a cream with, for example an oil-in-water cream
base. Such transdermal formulations are well-known in the
art and generally include additional ingredients to enhance
the dermal penetration of stability of the active ingredients or
the formulation. All such known transdermal formulations
and ingredients are included within the scope of this inven-
tion.

The compounds of this invention can also be administered
by a transdermal device. Accordingly, transdermal adminis-
tration can be accomplished using a patch either of the reser-
voir or porous membrane type, or of a solid matrix variety.

The above-described components for orally administrable,
injectable or topically administrable compositions are merely
representative. Other materials as well as processing tech-
niques and the like are set forth in Part 8 of Remington’s
Pharmaceutical Sciences, 17th edition, 1985, Mack Publish-
ing Company, Easton, Pa., which is incorporated herein by
reference.

The compounds of this invention can also be administered
in sustained release forms or from sustained release drug
delivery systems. A description of representative sustained
release materials can be found in Remington’s Pharmaceuti-
cal Sciences.

The following formulation examples illustrate representa-
tive pharmaceutical compositions of this invention. The
present invention, however, is not limited to the following
pharmaceutical compositions.

Formulation 1

Tablets

A compound of the invention is admixed as a dry powder
with a dry gelatin binder in an approximate 1:2 weight ratio.
A minor amount of magnesium stearate is added as a lubri-
cant. The mixture is formed into 240-270 mg tablets (80-90
mg of active amide compound per tablet) in a tablet press.

Formulation 2
Capsules

A compound of the invention is admixed as a dry powder
with a starch diluent in an approximate 1:1 weight ratio. The
mixture is filled into 250 mg capsules (125 mg of active amide
compound per capsule).

Formulation 3
Liquid

A compound of the invention (125 mg), sucrose (1.75 g)
and xanthan gum (4 mg) are blended, passed through a No. 10
mesh U.S. sieve, and then mixed with a previously made
solution of microcrystalline cellulose and sodium carboxym-
ethyl cellulose (11:89, 50 mg) in water. Sodium benzoate (10
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mg), flavor, and color are diluted with water and added with
stirring. Sufficient water is then added to produce a total
volume of 5 mL.

Formulation 4
Tablets

A compound of the invention is admixed as a dry powder
with a dry gelatin binder in an approximate 1:2 weight ratio.
A minor amount of magnesium stearate is added as a lubri-
cant. The mixture is formed into 450-900 mg tablets (150-300
mg of active amide compound) in a tablet press.

Formulation 5
Injection

A compound of the invention is dissolved or suspended in
a buffered sterile saline injectable aqueous medium to a con-
centration of approximately 5 mg/ml.

Formulation 6
Topical

Stearyl alcohol (250 g) and a white petrolatum (250 g) are
melted at about 75° C. and then a mixture of a compound of
the invention (50 g) methylparaben (0.25 g), propylparaben
(0.15 g), sodium lauryl sulfate (10 g), and propylene glycol
(120 g) dissolved in water (about 370 g) is added and the
resulting mixture is stirred until it congeals.

Methods of Treatment

The present compounds/agents are used as therapeutic
agents for the treatment of conditions in mammals that are
associated with synaptic loss and motor dysfunction. Such
disorders include ALS, sarcopenia, and myasthenia gravis.
Accordingly, the compounds and pharmaceutical composi-
tions of this invention find use as therapeutics for preventing
and/or treating a variety of conditions and disorders in mam-
mals, including humans.

In a method of treatment aspect, this invention provides a
method of treating a mammal susceptible to or afflicted with
a condition or disorder associated with synaptic loss and
motor dysfunction, which method comprises administering
an effective amount of one or more of the pharmaceutical
compositions just described.

In additional method of treatment aspects, this invention
provides methods of treating a mammal susceptible to or
afflicted with a condition or disorder causally related or attrib-
utable to synaptic loss. Such conditions and disorders
include, ALS, sarcopenia, and myasthenia gravis. Such meth-
ods comprise administering an effective condition-treating or
condition-preventing amount of one or more of the pharma-
ceutical compositions just described. In a particular embodi-
ment thereof, the condition or disorder is ALS, sarcopenia, or
anti-MuSK myasthenia gravis. In a more particular embodi-
ment, the condition or disorder is ALS. In an even more
particular embodiment, the condition or disorder is sarcope-
nia.

As afurther aspect of the invention, the present compounds
are provided for use as pharmaceuticals, especially in the
treatment or prevention of the aforementioned conditions and
diseases. Also provided herein is the use of the present com-
pounds in the manufacture of a medicament for the treatment
or prevention of one of the aforementioned conditions and
diseases. Also encompassed is at least one compound or agent
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described herein for use in treating or preventing one of the
aforementioned conditions and diseases. Further to the
above, a combination of one or more of the compounds/
agents described herein for amethod of treating a condition or
disorder causally related or attributable to synaptic loss in a
subject is also encompassed herein.

Injection dose levels range from about 0.1 mg/kg/hour to at
least 10 mg/kg/hour, all for from about 1 to about 120 hours
and especially 24 to 96 hours. A preloading bolus of from
about 0.1 mg/kg to about 10 mg/kg or more may also be
administered to achieve adequate steady state levels. The
maximum total dose is not expected to exceed about 2 g/day
for a 40 to 80 kg human patient.

For the prevention and/or treatment of long-term condi-
tions, such as, e.g., ALS, sarcopenia, and anti-MuSK myas-
thenia gravis, the regimen for treatment usually stretches over
many months or years, so oral dosing is preferred for patient
convenience and tolerance. With oral dosing, one to five and
especially two to four and typically three oral doses per day
are representative regimens. Using these dosing patterns,
each dose provides from about 0.01 to about 20 mg/kg of the
compound of the invention, with preferred doses each pro-
viding from about 0.1 to about 10 mg/kg and especially about
1 to about 5 mg/kg. Long term treatment of the above-men-
tioned diseases is envisioned to span ~5 years with respect to
ALS, ~20 years with respect to sarcopenia, and >30 years
with respect to anti-MuSK myasthenia gravis.

Transdermal doses are generally selected to provide simi-
lar or lower blood levels than are achieved using injection
doses. Modes of administration suitable for mucosal sites are
also envisioned herein and include without limitation: intra-
anal swabs, enemas, intranasal sprays, and aerosolized or
vaporized compounds and/or compositions for delivery to the
lung mucosa. One of skill in the art would choose an appro-
priate delivery mode/s based on a variety of parameters,
including the organ or tissue site in a patient with a disease or
condition that is most severely affected by the disease or
condition. A skilled practitioner could, for example, treat a
patient afflicted with ALS, for example, with a therapeutic
regimen that included delivery of the compounds or compo-
sitions of the invention using an intramuscular injection for
direct delivery to an affected muscle. Intraperitoneal (ip) and
intravenous (iv) injection delivery modes are also envisioned
for the treatment of diseases and conditions described herein,
including ALS.

When used to prevent the onset of a condition or disorder
causally related or attributable to synaptic loss, the com-
pounds of this invention will be administered to a patient at
risk for developing the condition or disorder, typically on the
advice and under the supervision of a physician, at the dosage
levels described above. Patients at risk for developing a par-
ticular condition generally include those with a family history
of'the condition, or those who have been identified by genetic
testing or screening to be particularly susceptible to develop-
ing the condition.

The compounds of this invention can be administered as
the sole active agent or they can be administered in combina-
tion with other agents, including other compounds that dem-
onstrate the same or a similar therapeutic activity and are
determined to safe and efficacious for such combined admin-
istration.

The invention may be better understood by reference to the
following non-limiting Examples, which are provided as
exemplary of the invention. The following examples are pre-
sented in order to more fully illustrate the preferred embodi-
ments of the invention and should in no way be construed,
however, as limiting the broad scope of the invention.
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Example |

Experimental Procedures

Animals

Mice overexpressing human SOD1 (B6.Cg-Tg(SODI1-
G93A)1Gur/]) were purchased from Jackson Laboratory
(Bar Harbor, Me.) and crossed with HSA::MuSK-L trans-
genic mice, which were also maintained on a C57BL/6J back-
ground (24). SOD1G93 A mice were genotyped by PCR (5'-
CATCAGCCCTAATCCATCTGA-3' and
5'-CGCGACTAACAATCAAAGTGA-3"). Primers for IL-2
were used as an internal control (5'-CTAGGCCACAGAAT-
TGAAAGATCT-3' and 5'-GTAGGTGGAAATTCTAGCAT-
CATCC-3".

HSA::MuSK-L transgenic mice express 3-fold more
MuSK than wild-type mice (Kim and Burden, 2008). Geno-
typing was performed by PCR (5'-GAAGCAACCTTTCCT-
TCCTGAG-3' and 5'-ATTTTCCCTGAGAGCATTGTCC-
3". All experiments were approved by the Animal Care and
Use Committee at NYU School of Medicine.
Immunohistochemistry

Diaphragm muscles from adult mice were dissected and
fixed for 1.5 h at room temperature in 1% formaldehyde in
phosphate buftered saline (PBS). Muscles were washed three
times for 15 min in PBS, incubated for 15 min with 0.1M
glycine in PBS and rinsed in PBS and 0.5% Triton X-100
(PBT). Muscles were incubated for 1 h in PBT containing 4%
normal goat serum (PBTG), and overlaying connective tissue
was diligently removed. Axons and nerve terminals were
labeled with rabbit polyclonal antibodies against Neurofila-
ment (NF, 1:3000; Synaptic Systems, Goettingen, Germany)
and Synapsin (Syn, 1:2000; Synaptic Systems, Goettingen,
Germany) overnight at 4° C. in PBTG. After three 1 h washes
in PBT, muscles were incubated at 4° C. overnight with
Alexa-488 goat anti-rabbit IgG (1:500; Invitrogen) and
Alexa-594-conjugated-a-BGT (1:1000 in PBTG; Invitrogen,
San Diego, Calif.) to label AChRs. Muscles were washed
three times with PBS over 1 h, post fixed (1% formaldehyde
in PBS) for 10 min, rinsed in PBS and mounted in Vectashield
under a glass coverslip (Vector Labs, Burlingame, Calif.).

Diaphragm muscles from P90 to P160 wild-type (WT),
HSA:MuSK-L, SODIG93A and SODIG93A; HSA:
MuSK-L mice were stained with Alexa-594-conjugated-a.-
BGT and antibodies to NF and Syn. Confocal images of
diaphragm muscles were captured on a Zeiss 510 confocal
laser scanning microscope (Carl Zeiss Microlmaging GmbH,
Jena, Germany) using a 40x PlanApo objective. Images were
compiled into a reconstructed image, and the number of nor-
mally innervated, partially innervated and fully denervated
synapses was quantified. For each experiment, at least 100
synaptic sites were counted for each genotype, and experi-
ments were performed at least three times.

Survival

To measure longevity, we followed the survival of 300
animals up to 10 months: WT, n=101; HSA::MuSK-L, n=86;
SOD1G93A, n=70; and SOD1G93A; HSA::MuSK-L, n=44.
Kaplan Meier survival curves were generated with GraphPad
Prism software.

Behavioral Tests

Motor function was assessed once per week on a Rota Rod
(EZ-Rod 3.05; Accuscan Instruments, Inc., Columbus, Ohio).
In each experiment, running performance was measured for
at least 6 animals of each genotype from P80 to P160. Mice
were placed on a Rota Rod (3.0 cm rotating cylinder) rotating
at 1 rpm, and the speed of rotation was gradually increased
from 1 to 12 rpm over the course of 40 sec and then main-
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tained at 12 rpm for a maximum of five min. We recorded the
time that mice remained on the Rota Rod. Wild-type and
HSA::MuSK-L mice routinely ran for the full five min, yield-
ing an assigned value of 100%; the values for other mice were
expressed relative to wild-type mice.

Motor fatigue was assessed using an inverted grid hanging
test (Kaja et al., 2007). Individual mice were placed in the
center of a wire grid, which was mounted 80 cm above a
laboratory bench. After gently inverting the grid, we main-
tained the grid in an inverted position for a maximum of 60
sec and recorded the time that mice remained attached to the
grid. Wild-type mice routinely remained attached to the grid
for the duration and were assigned a value of 100%; the values
for other mice were expressed relative to wild-type mice.
Statistical Analysis

All data are expressed as group meansxSEM. For the
Kaplan-Meier survival analysis, the log-rank test was used,
and survival curves were considered significantly different at
P<0.05. When appropriate, the one-way ANOVA followed by
a Newman-Keuls Multiple Comparison’s post-hoc analysis
were used to test for differences between samples, and data
were considered significantly different at P<0.05.
hSOD1 Copy Number Assessment

To learn whether SOD1G93 A copy number changed dur-
ing the course of these experiments, copy number was mea-
sured using a real time PCR assay. Genomic DNA was
extracted from tails using a Qiagen DNA extraction kit
(QIAGEN, Valencia, Calif.). Brilliant® II SYBR Green
QPCR Master Mix reagent (Stratagene, Santa Clara, Calif.)
was used for the real-time amplification of DNA, ranging
from 0.15 to 20 ng. Following heating at 50° C. for 2 min and
95° C. for 10 min, DNA was amplified by 40 cycles of 95° C.
for 15 sec and 60° C. for 1 min., as suggested by the Jackson
Laboratories (Bar Harbor, Me.). We found that the copy num-
ber did not change during the course of these experiments
(FIG. 6).

Introduction

The withdrawal of motor axons from muscle is the first sign
of disease in familial and sporadic forms of ALS, portending
a progressive and devastating loss of motor function that
culminates in lethal muscle paralysis within five years of
diagnosis (Fischer et al., 2004; Pasinelli and Brown, 2006;
Schaefer et al., 2005). The mechanisms responsible for axon
withdrawal are poorly understood, but the loss of neuromus-
cular synapses is sufficient to cause muscle paralysis and
therefore central to the disease. Although the subsequent loss
of motor neurons has received more attention, preventing or
delaying motor neuron cell death without preserving neuro-
muscular synapses cannot stop disease progression. More-
over, studies designed to inhibit motor neuron cell death,
either by blocking cell death pathways or providing broadly
acting growth factors, have had only a modest impact on
disease progression (Kostic et al.,, 1997; Pun et al., 2006;
Sagot et al., 1995).

Dominant mutations in SOD1, TDP-43, FUS, and the
recently discovered C9orf72 gene are responsible for familial
forms of ALS and together represent ~17% of all cases of
ALS (Chen-Plotkin et al., 2010; Kwiatkowski et al., 2009;
Majounie et al., 2012; Pasinelli and Brown, 2006; Renton et
al., 2011; Vance et al., 2009). The pathological hallmarks of
the disease are well replicated in mice that overexpress
mutant forms of SOD1 in motor neurons, providing an excel-
lent model system for studying the pathology of ALS and
identifying approaches to treat this devastating disease
(Pasinelli and Brown, 2006). Although cell types other than
motor neurons, including grey matter oligodendrocytes and
microglia contribute to disease onset and progression (Ilieva

15

25

40

45

55

28
etal., 2009; Kang et al., 2010), dominant mutations in SOD1
act largely in an autonomous manner within motor neurons,
consistent with the idea that ALS is primarily, though not
entirely, a disease of upper and lower motor neurons.

Skeletal muscles provide retrograde signals that promote
the differentiation and stabilization of motor nerve terminals
(Burden, 1998; Sanes and Lichtman, 2001). In the absence of
these muscle-derived retrograde signals, developing motor
axons grow aimlessly within muscle and fail to form syn-
apses. The production of muscle-derived retrograde signals
depends upon a synaptic receptor tyrosine kinase, termed
MusSK, and Lrp4, a receptor for Agrin that forms a complex
with MuSK (DeChiara et al., 1996; Kim et al., 2008; Weath-
erbee et al., 2006; Zhang et al., 2008). During normal devel-
opment, Lrp4/MuSK signaling initiates neuromuscular syn-
apse formation, whereas the subsequent stabilization of
nascent synapses also requires neuronal Agrin, which binds to
Lrp4 and strongly stimulates MuSK (Kim and Burden, 2008;
Zhang et al., 2008; Zhang et al., 2011). In the absence of
Agrin, neuromuscular synapses form, but motor axon termi-
nals subsequently withdraw, leading to defective neuromus-
cular transmission and perinatal death (Gautam et al., 1996;
Lin et al., 2001; Lin et al., 2005; Misgeld et al., 2005). Ret-
rograde signaling also regulates the stability and maintenance
of synapses in adult animals, as interfering with MuSK func-
tion in adult mice causes disassembly of neuromuscular syn-
apses (Hesser et al., 2006; Kong et al., 2004). Because a
failure to maintain neuromuscular synapses is central to all
forms of ALS, we tested whether increasing retrograde sig-
naling in SOD1 transgenic mice could stabilize neuromuscu-
lar synapses, delay axon withdrawal and ameliorate the
symptoms of disease.

Results

Previously, we found that a modest (three-fold) increase in
MuSK expression is sufficient to maintain neuromuscular
synapses in agrin mutant mice, thereby preventing perinatal
lethality and promoting postnatal survival (Kim and Burden,
2008). We therefore wondered whether increasing MuSK
expression in a mouse model of ALS would stabilize neuro-
muscular synapses, delay motor axon withdrawal, and
increase muscle function.

To investigate this issue, we crossed HSA::MuSK-L mice,
which express three-fold more MuSK than wild-type mice,
with SOD1G93 A mice, and used histological assays to com-
pare the rate and extent of denervation of SOD1G93A and
MuSK-L; SOD1G93 A mice. We stained whole mounts of the
diaphragm muscle with antibodies against Synapsin to label
nerve terminals and with a-bungarotoxin (c.-BGT) to visual-
ize acetylcholine receptors (AChRs) in muscle. In wild-type
and MuSK-L transgenic mice, nerve terminals are apposed to
AChRs, and the coincidence of Synapsin/AChR staining
defines innervated synaptic sites (FIG. 1). In SOD1G93A
mice, axons from fast, fatigable motor neurons withdraw
early in disease (Pun et al., 2006). Axons from slow, non-
fatigable motor neurons are lost more slowly and compensate
by sprouting and temporarily reoccupying denervated synap-
tic sites on fast myofibers (Pun et al., 2006). We first measured
the number of synaptic sites that lacked Synapsin staining and
were therefore completely denervated. In SOD1G93 A mice,
denervation of the diaphragm muscle became evident at
P120, and the extent of denervation increased gradually over
the next 20 days, reaching a maximum of ~50% at P140 (FIG.
1), similar to the time course and extent of denervation
observed in other muscles (Schaefer et al., 2005). In contrast,
in SOD1G93 A mice over-expressing MuSK, denervation of
the diaphragm muscle began ten days later, and the extent of
denervation remained less than 10% through P150 (FIG. 1).
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By P160, the extent of denervation increased and approached
the level found in SOD1G93A mice (FIGS. 1, 5). These
findings indicate that MuSK over-expression protected syn-
apses in SOD1G93 A mice from denervation by delaying the
onset and decreasing the extent of denervation for over 40
days.

The remaining synapses included normally and partially
innervated synapses. At partially innervated synapses, Syn-
apsin staining incompletely overlapped the AChR-rich
postsynaptic membrane, leaving patches of the postsynaptic
membrane devoid of innervation (FIG. 2). To determine
whether MuSK expression preserved normal innervation, we
measured the number of synaptic sites that were normally
innervated. FIG. 2 shows that the number of normally inner-
vated synapses fell dramatically after P110 in SOD1G93A
mice, reaching a plateau of 20% at P140. MuSK over-expres-
sion in SOD1G93A mice preserved normal innervation: the
fall innormal innervation was delayed, and >60% of synapses
remained normally innervated as late as P150. These findings
show that MuSK over-expression preserves normally inner-
vated synapses in SOD1G93 A mice for over 40 days. MuSK
over-expression may preserve innervation by delaying den-
ervation, increasing reinnervation or both.

To determine whether the delay in onset and decrease in
extent of denervation were accompanied by improved motor
function, we used a Rota Rod and an inverted grid hanging
test to measure the motor performance of SOD1G93A and
MuSK-L; SOD1G93A mice. FIG. 3 shows that MuSK-L;
SOD1G93A mice out-performed SOD1G93A mice in both
tests of motor function. MuSK-L; SOD1G93 A mice clung to
the inverted grid longer than SOD1G93 A mice, beginning at
P120 and continuing through P160, the last time point that we
measured. Although the motor function of MuSK-L;
SOD1G93A mice declined over time, SOD1G93A mice
over-expressing MuSK out-performed SOD1G93 A mice by
2-3 fold at P120 and P130 and by 5-9 fold from P140 through
P160 (FIG. 3a). Likewise, MuSK-L; SOD1G93A mice out-
performed SOD1G93A mice on the Rota Rod from P100
through P160 (FIG. 35). Moreover, these differences in motor
behavior were evident simply by monitoring the mobility of
mice in their housing. Nonetheless, the benefit from MuSK
over-expression is not enduring, since the eventual with-
drawal of nerve terminals and decrease in motor function
leads to death at a time similar to SOD1G93A mice (FIG. 4a).
Discussion

Results presented herein reveal that a modest increase in
MuSK expression is sufficient to maintain neuromuscular
synapses in SOD1G93 A mice, delaying muscle denervation
and improving muscle function for over 30 days. These find-
ings indicate that the loss of motor nerve terminals can be
delayed by co-opting a retrograde signaling pathway that
normally functions to stimulate the differentiation and stabi-
lization of these terminals. As such, our findings suggest a
novel therapeutic approach to slow the steady decline in
muscle strength and motor function in ALS. Moreover,
because motor axon withdrawal is an early, characteristic and
critical feature of disease in all forms of ALS, we expect that
increasing MuSK activity might provide benefit in both
familial and sporadic forms of ALS.

The benefit from MuSK over-expression is not permanent.
The eventual withdrawal of nerve terminals and loss of motor
function indicate that motor neurons ultimately become suf-
ficiently compromised that motor terminals can no longer be
stabilized by increasing MuSK signaling from muscle, sug-
gesting that the terminals eventually lose their ability to
respond to critical MuSK-dependent muscle-derived signals.
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Our recent studies demonstrate that Lrp4 is a critical muscle-
derived retrograde signal that acts bi-directionally to coordi-
nate presynaptic and postsynaptic differentiation (Yumoto et
al., Nature, DOI 10.1038/nature11348). A failure to transport
the Lrp4 receptor, or components that act downstream from
this receptor, within motor axons may ultimately render
motor neurons unresponsive to retrograde signaling (FIG.
4b). Identification of the Lrp4 receptor might provide addi-
tional targets that can be manipulated to strengthen and pro-
long the response of compromised motor neurons. Alterna-
tively, the eventual withdrawal of nerve terminals could be
caused by the death of motor neurons, a late event in ALS that
becomes apparent in SOD1G93A mice one to two months
after denervation has reached a plateau (Fischer et al., 2004).
If so, combining other therapies, aimed to promote motor
neuron survival, with an increase in MuSK activity may
lengthen the duration of benefit.

Like other receptor tyrosine kinases, tyrosine phosphory-
lation and activation of MuSK depend upon MuSK dimeriza-
tion (Stiegler et al., 2009), which is stimulated by binding of
Agrinto Lrp4 (Zhang et al., 2011). MuSK over-expression is
sufficient to promote MuSK dimerization and increase MuSK
kinase activity (Watty et al., 2000). It will be necessary, how-
ever, to find alternatives to MuSK over-expression to activate
MuSK in vivo. Soluble forms of neuronal Agrin or Lrp4 may
stimulate MuSK in vivo (Zhang et al., 2011), or a screen for
small molecule activators of MuSK may identify new ago-
nists. Human single chain variable region antibodies (ScFv)
to MuSK have also been shown to stimulate MuSK tyrosine
phosphorylation and AChR clustering in cultured myotubes
(Xie et al., 1997). The mechanisms by which these agonist
antibodies stimulate MuSK are poorly understood, but these
antibodies may provide an alternative means to activate
MuSK in vivo, an approach that we are currently investigat-
ing.

Example 11

Further to the above findings, the present inventor is inves-
tigating whether proven agonist antibodies to MuSK stimu-
late MuSK phosphorylation in vivo and likewise improve
motor function in ALS mice.

As indicated herein above, previous studies have shown
that agonist antibodies to MuSK stimulate MuSK phospho-
rylation in cultured myotubes (Xie et al., 1997). To explore
the properties of these agonist antibodies to MuSK within the
context of the present disclosure, an exemplary one of these
antibodies, agonist antibody #13 of Xie et al. (1997), will be
evaluated. Xie et al. describe agonist antibody, #13, as the
most potent of these antibodies. Accordingly, agonist anti-
body #13 will be assessed to determine if this antibody stimu-
lates MuSK phosphorylation in mice. Because ScFv and trun-
cated (Fab) antibodies have short (1-2 hr) half-lives in vivo,
corresponding full length IgG molecules that are deficient in
effector functions (e.g., complement activation) will also be
assessed. Protocols for mutating IgG to ablate effector func-
tion are known in the art as exemplified by Armour et al.
(1999) and Shields et al. (2001), the entire content of each of
which is incorporated herein in its entirety. Moreover,
because the current version of antibody #13 includes a human
constant region, the human heavy chain sequence contained
in these antibodies will be exchanged with a murine heavy
chain sequence to avoid generating an immune response in
mice receiving injections for a month or longer. Using such
protocols, the optimal dose, frequency and route of delivery
for an agonist antibody can be determined. These experi-
ments will establish a protocol for activating MuSK in vivo,
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which information will provide additional guidance with
respect to therapeutic applications of these agonist antibodies
and the like.

More particularly, antibodies will be injected into wild-
type mice at P100 and MuSK phosphorylation will be mea-
sured two, four or six days later. Additional time points may,
moreover, be added. The antibodies will be injected into the
peritoneum (IP) or intravenously (IV), and the dose will be
varied from 0.1 mg/kg to 10 mg/kg. At the outset, IgG mol-
ecules will be injected that are defective in effector function,
due to mutations in the lower hinge region that impair binding
to Fey receptors (Armour et al., 1999; Shields et al., 2001), or
by substituting the constant region from human 1gG4 (or
mouse IgG1), which inefficiently engages complement (Aal-
berse and Schuurman, 2002). These experiments will estab-
lish the optimal route for antibody delivery and the relation-
ship between the amount of injected antibody and the level of
MuSK phosphorylation. Moreover, these experiments will
provide information as to the time required for the agonist
antibody to activate MuSK following a single injection and
the persistence of MuSK phosphorylation following a single
injection.

MuSK phosphorylation can be measured, for example, by
immunoprecipitating MuSK from cell lysates of dissected
tibialis anterior, diaphragm or gastrocnemius muscles and
probing Western blots for MuSK or tyrosine phosphorylation,
as previously described (Friese et al., 2007; Hallock et al.,
2010; Herbst and Burden, 2000).

The above procedure can, furthermore, be modified by
adding a second injection to evaluate whether the effects of
repeated injections are predictably additive. It is unclear, for
example, whether divalent, agonist IgG antibodies to MuSK
down-regulate MuSK surface expression. Receptor down-
regulation is likely to impact responsiveness to repeated
injections. In one set of experiments, cultured myotubes will
be treated with an agonist antibody and MuSK surface
expression measured, as described previously (Stiegler et al.
J Mol Biol 2006 364(3):424-433, the entire content of which
is incorporated herein by reference). In addition, by injecting
the agonist antibody a second time (or multiple times) in vivo,
one or two weeks following the first injection, an assessment
of whether the response to the agonist antibody has been
attenuated, as would be expected if the first antibody treat-
ment led to down regulation of MuSK surface expression, can
be performed. Together, this knowledge will direct further
experiments to establish how often injections will be required
to achieve an adequate level of MuSK phosphorylation during
the 40 to 80 day period required to determine whether the
agonist antibody decreases muscle denervation and improves
motor behavior, as described herein above.

Once optimal dosing, frequency and route of delivery for
the agonist antibody are established, agonist antibody or a
control antibody will be injected into SOD1G93A mice,
beginning at P100, prior to the onset of muscle denervation
and motor dysfunction, and injections will be continued
through P140, when muscle denervation and motor dysfunc-
tion have reached peak levels. During this time frame, histo-
logical and behavioral assays can be performed as described
herein above to make a determination as to whether the ago-
nist antibody delays the onset and extent of denervation, as
well as improves motor behavior in SOD1G93 A mice.

To determine whether the agonist antibody slows disease
progression when injected after the onset of disease symp-
toms, antibody injections can be commenced at P120, after
muscle denervation and motor dysfunction in SOD1G93A
mice are well apparent and at ~one-half their peak values. As
shown herein above, the extent of muscle denervation reaches
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~one-half the peak value by P120 and motor dysfunction has
likewise deteriorated to a similar extent by this age. See, for
example, FIG. 1. In view of the above, agonist antibody
injections will commence at P120 and muscle denervation
and motor dysfunction will be assessed at P140. These
experiments will reveal the ability of an agonist antibody
tested to slow, halt or reverse disease progression.

The prolonged impact of an agonist antibody on disease,
reducing denervation, improving motor function and pro-
longing survival beyond P140 can, moreover, be assessed by
continuing antibody injections from P140 to P180. As
described above, a modest increase in MuSK expression
delayed the onset and decreased the extent of muscle dener-
vation, improving motor behavior up to P150. By P160, how-
ever, denervation was similar in SOD1G93A mice over-ex-
pressing MuSK and SOD1G93A mice, and survival was not
significantly prolonged. Nonetheless, it is possible that acti-
vating MuSK with the agonist antibody may prevent dener-
vation for a longer period of time and prolong survival. To
explore this potentiality, the ability of agonist antibody to
alter the extent of denervation at P180 and prolong survival
will also be assessed by continuing injections from P140 to
P180.

Upon establishing that an agonist antibody improves motor
function in ALS mice, assessments of these antibodies will be
performed in a clinical setting to determine therapeutic effi-
cacy of the antibodies in human subjects.

In proof of principle experiments, cDNAs encoding three
antibodies to MuSK were re-synthesized, two of which were
reported by Xie et al. (1997) to function as agonist antibodies,
whereas the third was determined to bind to MuSK, but failed
to stimulate MuSK. These three antibodies, as well as an
additional negative control antibody (all of which were syn-
thesized as IgG molecules) were tested to determine if they
recognize mouse and human MuSK using an ELISA. These
antibodies were also tested to assess their ability to stimulate
MuSK phosphorylation when added to cultured mouse myo-
tubes. As shown in FIG. 7, the agonist antibodies do indeed
stimulate robust MuSK phosphorylation. The negative con-
trol antibody, as well as another antibody that binds MuSK,
failed to stimulate MuSK phosphorylation. Given these find-
ings, the properties of two agonist antibodies, #13 and #22, to
MuSK have been confirmed in vitro and have thus set the
stage for the above-outlined in vivo experiments. The in vitro
studies also revealed that the agonist antibodies react with
mouse and human MuSK, although there is a slight prefer-
ence for human MuSK.

This invention may be embodied in other forms or carried
out in other ways without departing from the spirit or essential
characteristics thereof. The present disclosure is therefore to
be considered as inall aspects illustrate and not restrictive, the
scope of the invention being indicated by the appended
claims, and all changes which come within the meaning and
range of equivalency are intended to be embraced therein.

Various references are cited throughout this Specification,
each of which is incorporated herein by reference in its
entirety.
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SEQUENCE LISTING
<160> NUMBER OF SEQ ID NOS: 4
<210> SEQ ID NO 1
<211> LENGTH: 7343
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 1
cecegteceeyg gegeggeceg cgegetecte cgecgectet cgectgegee atggecggece 60
ggtcccacce gggeccgetg cggecgetge tgecgetect tgtggtggee gegtgegtece 120
tgcceggage cggegggaca tgcccggage gegegetgga geggcegegag gaggaggcega 180
acgtggtget caccgggacg gtggaggaga tcctcaacgt ggacceggtg cagcacacgt 240
actcctgeaa ggttegggte tggeggtact tgaagggcaa agacctggtyg geccgggaga 300
gectgetgga cggeggcaac aaggtggtga tcageggett tggagaccce ctecatctgtg 360
acaaccaggt gtccactggg gacaccagga tcttetttgt gaaccctgca cccccatace 420
tgtggccage ccacaagaac gagetgatge tcaactccag cctcatgegg atcaccctge 480
ggaacctgga ggaggtggag ttectgtgtgg aagataaacce cgggacccac ttcactccag 540
tgecctecgac gectectgat gegtgecggg gaatgetgtg cggettegge geegtgtgeg 600
agcccaacge ggaggggecg ggeegggegt cctgegtetg caagaagage ccgtgeccca 660
gegtggtgge gectgtgtgt gggteggacy cctccaccta cagcaacgaa tgegagetge 720
agcgggegea gtgcagecag cagegecgca tcegectget cagecgeggg ccegtgegget 780
cgegggaccee ctgctcecaac gtgacctgeca getteggcag cacctgtgeg cgcteggecy 840
acgggcetgac ggectegtge ctgtgeceeg cgacctgeeg tggegecccee gaggggaccyg 900
tctgeggeag cgacggegece gactaccecg gegagtgcca getectgege cgegectgeg 960
cccgecagga gaatgtette aagaagtteg acggcccttg tgacccctgt cagggcgcecce 1020
tcectgacee gagecgeage tgeegtgtga acccgegcac geggegeect gagatgetcee 1080
tacggeccga gagetgecct geceggcagg cgecagtgtg tggggacgac ggagtcacct 1140
acgaaaacga ctgtgtcatg ggcegategg gggceegeceg gggtctecte ctgcagaaag 1200
tgecgeteegy ccagtgecag ggtegagace agtgeccgga gecctgeegg ttcaatgecyg 1260
tgtgcctgtce ccgecgtgge cgtcecceccget getectgega ccgegtcace tgtgacgggg 1320
cctacaggcece cgtgtgtgece caggacgggce gcacgtatga cagtgattge tggcggcagce 1380
aggctgagtyg ccggeageag cgtgccatce ccagcaagca ccagggceccg tgtgaccagg 1440
ccecegteccee atgecteggg gtgcagtgtg catttgggge gacgtgtget gtgaagaacg 1500
ggcaggcagc gtgtgaatgce ctgcaggegt gctcgagect ctacgatcct gtgtgceggcea 1560
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gegacggegt

gggagatcca

cectgtgega

agccegtgtyg

cctgeacaca

atgcegtgtyg

agcacccccce

agctacggga

dcgagcagge

aggagctgtg

tctgtgactt

cctacageac

tagcggecca

tacactgtge

tgggcctggc

cctgtgacee

accgctgtga

gtacaccctyg

ggctgtgete

gthCCtggg

tgcgctgtga

cgatgetcac

acggcaacga

agagcctggg

tgactgtgac

tcececeetgge

cteggaccac

cggcacecte

atggaagcag

ggctcgagee

cctgctacaa

agggctccaa

agggccagga

agacagccag

aggatttteg

tggatgtgca

tceggeagat

acgtgcgatt

ccattgetge

tgaccecteg

cacatacgge

ggtggcgege

ggcegagace

tggctecgac

ccagatcage

tgcttttggy

geceggecce

agcecgectge

cgagtgcgge

ceggcagege

cagctgecag

cgagtgtgag

gggagcctgc

ccagacgecec

tggctgecce

agccacaggc

gectggette

cagctgtgat

gtgtaagcce

cececegeggyge

gttcggtgcg

ctgtccagag

gtgtcagetyg

ccegtgecag

caccccagygyg

tcccagecagt

tgccagegte

cecctgeacee

cgatgaggaa

cttggagggc

ctcegegttyg

ctgeceegec

getgttctac

gagcattgag

gagtgtccge

ctttgaccce

ccaggtgtec

tatggacttt

gggagccacg

ggcecegeac

agcgegtgeg
aaaggaccct
gggcgetgeg
gggcacacgt
ctgcacgtygyg
getgtgtget
gtgtgtggcea
ctccagcaga
tceggagget
ggtggcatct
agtgtcccag
ctgaagaagg
cgaggeccca
tacggetget
agtgccetgec
cagtgcetect
tggaacttte
ccccaaggeyg
ggggtggcetyg
tgtgaagetyg
cggtgegtgg
gccaacgceta
aagaccatcg
gaggctgttg
ctcctectga
accgcacaca
cccaggacca
agcctggtygyg
ctgagcgggg
agcagcgtgg
ggctgetget
accaaggtgt
acgcccgaga
agcaccctygg

ttgcgggace

accacagect

aggcgccggt

gactggttte

gccagageca

cccagtcaca

agctggagge
gtgaccgetyg
tgtgccecte
accccagega
cctecagetygy
ccgcagggea
gegacggtgt
cacagatcga
ctggetetygyg
gggacgagga
gcagceeggt
ccaggtgtga
cecttegecee
gccaggacaa
agtgcaaccc
gecgeccagyg
gaggcategt
cegtgeggga
gacccaagtyg
acgcttetge
aggagtctgg
ccaaggtetyg
cctgecgeca
ctceccageac
gccaggcact
gccagaccac
cegtgtggec
cgtecgectt
accaggaggc
ccaccectygyg
ctgatgggaa
tccagggegt
tggctgacce

acgacctett

tggggccegg

tcagggcacc

CCttgggggt

ctgegtttat

ccactgcatce

caagccagec

cacggectgt acccteggge

cgggcagtge cgetttggag

tgaatgcgtyg gctttggece

gtgcatgetyg cacgtgcacg

accctgtgag acctgtggag

gtgtgtgtgt ccceggtgtg

cacctacgge agtgectgeg

ggaggccegg gcagggecgt

ggaggacggt gactgtgagc

ctcggaggac gggccgtgtg

gtgeggetca gatggggtca

gtcacagega gggctctacg

getgeegect gtggeccect

tatcaccgca gcccggggeg

ccatggetet tacggeggea

tgtggggggc ctcaggtgtg

caccgatgge cggagtgget

tgactgtgag cagatgacgg

tgggcagtgt ccagacggcce

gectgegace tgtgeggaga

ctcageccac tgtgtetgee

tgggtcagat ggagtcacat

gggectgecaa atctctatcee

tcaccecgaca tctgectecg

geeggecece cceggegece

ceccteegece tcatcacgac

cgtgctgacyg gtgccccceca

tggtgaatct ggcagcactg

cagtgggggt ggctctgggg

gecacctgte gagagggett

gacgcecteg ctggacgcag

cctggagctg gagggcgtcg

caagtcagaa ctgttcgggyg

ccggaattca gacgtcaaga

caaatccgte cgegecattyg

cgacgtggee cgggecctge

gaggcggeeg ctgcaggage

cacgggggcee acgtcaggag

gegectgecg tectetgetg

cgttgccaag accacggcag

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960
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40

-continued
ccececaccac acgteggecoe ccecaccactg cceccageeg tgtgeecgga cgteggeccce 4020
cggeccccca gcagecteca aagecctgtg actcacagec ctgettcecac ggggggacct 4080
gecaggactyg ggcattggge gggggcttca cctgcagetg ceeggcagge aggggaggeg 4140
ccgtcectgtga gaaggtgett ggcgececctg tgcecggectt cgagggccge tecttectgg 4200
cctteecccac tecteecgegece taccacacge tgcgectgge actggaatte cgggegetgg 4260
agcctcaggg gcectgctgetg tacaatggca acgcccgggg caaggactte ctggcattgg 4320
cgctgctaga tggccgcegtyg cagctcaggt ttgacacagg ttcggggcceg geggtgctga 4380
ccagtgecegt gecggtagag ccgggecagt ggcaccgect ggagetgtee cggcactgge 4440
gccggggeac ccteteggtg gatggtgaga cccctgttet gggcgagagt cccagtggca 4500
ccgacggect caacctggac acagacctcet ttgtgggegg cgtacccgag gaccaggetg 4560
ccgtggeget ggagcggacce ttegtgggceg ccggcectgag ggggtgcatce cgtttgetgg 4620
acgtcaacaa ccagcgectyg gagettggea ttgggeeggg ggctgecace cgaggetetg 4680
gegtgggega gtgeggggac cacccctgee tgeccaacce ctgecatgge ggggecccat 4740
gccagaacct ggaggctgga aggttcecatt gecagtgece geceggecge gteggaccaa 4800
cctgtgecga tgagaagage cectgecage ccaaccectg cecatggggeg gegecctgece 4860
gtgtgctgee cgagggtggt gctcagtgeg agtgcccceet ggggcgtgag ggcaccttcet 4920
gccagacage ctecggggcag gacggctetg ggcccttect ggctgactte aacggcttcet 4980
cccacctgga gctgagagge ctgcacacct ttgcacggga cetgggggag aagatggege 5040
tggaggtcgt gttcectggca cgaggcccca gcggcectect getctacaac gggcagaaga 5100
cggacggcaa gggggacttc gtgtcgetgg cactgcggga ccgccgcectg gagttcecget 5160
acgacctggg caagggggca gceggtcatca ggagecaggga gecagtcace ctgggagect 5220
ggaccagggt ctcactggag cgaaacggcce gcaagggtge cctgegtgtyg ggegacggec 5280
ccegtgtgtt gggggagtcece ccggttecge acaccgtect caacctgaag gagcecgctcet 5340
acgtaggggg cgctcccgac ttcagcaagce tggcccgtge tgctgecgtg tectetgget 5400
tcgacggtge catccagetg gteteecteg gaggecgeca getgetgace ccggagcacg 5460
tgctgcggca ggtggacgte acgtcectttg caggtcaccce ctgcacccgg gectcaggcece 5520
acccctgect caatggggec tectgcegtcee cgagggaggce tgcctatgtg tgectgtgte 5580
cegggggatt ctcaggacceg cactgcegaga aggggetggt ggagaagtca gegggggacg 5640
tggatacctt ggcctttgac gggcggacct ttgtcgagta cctcaacgct gtgaccgaga 5700
gecgagaagge actgcagage aaccactttyg aactgagect gegcactgag gecacgcagg 5760
ggctggtgcet ctggagtggce aaggccacgg agcgggcaga ctatgtggca ctggccattg 5820
tggacgggca cctgcaactg agctacaacc tgggctccca geccecgtggtg ctgegtteca 5880
cegtgecegt caacaccaac cgetggttge gggtegtgge acatagggag cagagggaag 5940
gttcectgeca ggtgggcaat gaggcccectg tgaccggcte ctecccegetg ggegccacgce 6000
agctggacac tgatggagcc ctgtggettg ggggcctgcece ggagctgcee gtgggcccag 6060
cactgcceccaa ggcctacgge acaggctttg tgggctgcett gegggacgtg gtggtgggcece 6120
ggcacceget gcacctgetg gaggacgccg tcaccaagee agagetgegyg ccctgeccca 6180
ccecatgage tggcaccaga gecccgegcee cgctgtaatt attttcectatt tttgtaaact 6240
tgttgectttt tgatatgatt ttecttgecctg agtgttggcce ggagggactg ctggcccggce 6300
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-continued
cteectteeg tecaggcage cgtgctgecag acagacctag tgccgaggga tggacaggceg 6360
aggtggcage gtggagggct cggcgtggat ggcagcectca ggacacacac ccctgectca 6420
aggtgctgag cccecegectt geactgegece tgecccacgyg tgtecccegece gggaagcage 6480
cceggetect gaatcaccct cgctcegtca ggegggacte gtgteccaga gaggaagggg 6540
ctgctgaggt ctgatggggce ccttectceccg ggtgaccceca cagggcecttt ccaagccccce 6600
atttgagctg ctcctteetg tgtgtgectcet gggccctgece teggectect gegeccaatac 6660
tgtgacttcce aaacaatgtt actgctgggce acagctctge gttgctcceg tgctgcectge 6720
geecagecccea ggetgetgag gagcagagge cagaccaggg ccgatcetggg tgtcectgacce 6780
ctcagetgge cctgeccage caccctggac gtgaccgtat cectetgeca caccccagge 6840
cctgcgaggg gctatcgaga ggagctcact gtgggatggg gttgacctet gecgectgece 6900
tgggtatctg ggcctggeca tggctgtgtt cttcatgtgt tgattttatt tgacccctgg 6960
agtggtgggt ctcatcttte ccatctecgcee tgagagceggce tgagggctgce ctcactgcaa 7020
atcctececca cagcgtcagt gaaagtegte cttgtctcag aatgaccagg ggccagccag 7080
tgtctgacca aggtcaaggg gcaggtgcag aggtggcagg gatggctcecyg aagccagaaa 7140
tgccttaaac tgcaacgtcecc cgtcccttcee ccacccecat cccatcccca cecccagece 7200
cagcecagte ctectaggag caggacccga tgaagceggge ggeggtgggyg ctgggtgecg 7260
tgttactaac tctagtatgt ttctgtgtca atcgctgtga aataaagtct gaaaacttta 7320
aaagcaaaaa aaaaaaaaaa aaa 7343

<210> SEQ I
<211> LENGT.
<212> TYPE:

D NO 2
H: 2045
PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

Met Ala Gly
1

Leu Val Val
Glu Arg Ala
35

Gly Thr Val
50

Ser Cys Lys
65

Ala Arg Glu

Phe Gly Asp

Arg Ile Phe
115

Lys Asn Glu
130

Asn Leu Glu
145

Phe Thr Pro

Cys Gly Phe

Arg Ser His Pro Gly

5

Ala Ala Cys Val Leu

Leu Glu Arg Arg Glu

40

Glu Glu Ile Leu Asn

55

Val Arg Val Trp Arg

70

Ser Leu Leu Asp Gly

85

Pro Leu Ile Cys Asp

100

Phe Val Asn Pro Ala

120

Leu Met Leu Asn Ser

135

Glu Val Glu Phe Cys
150

Val Pro Pro Thr Pro

165

Gly Ala Val Cys Glu

180

Pro

Pro

25

Glu

Val

Tyr

Gly

Asn

105

Pro

Ser

Val

Pro

Pro
185

Leu

10

Gly

Glu

Asp

Leu

Asn

90

Gln

Pro

Leu

Glu

Asp
170

Asn

Arg

Ala

Ala

Pro

Lys

75

Lys

Val

Tyr

Met

Asp
155

Ala

Ala

Pro Leu Leu
Gly Gly Thr
30

Asn Val Val
45

Val Gln His
60

Gly Lys Asp

Val Val Ile

Ser Thr Gly
110

Leu Trp Pro
125

Arg Ile Thr
140

Lys Pro Gly

Cys Arg Gly

Glu Gly Pro
190

Pro Leu
15

Cys Pro

Leu Thr

Thr Tyr

Leu Val
80

Ser Gly
95

Asp Thr

Ala His

Leu Arg

Thr His
160

Met Leu
175

Gly Arg
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Ala

Arg

225

Pro

Ser

Pro

Gly

Arg

305

Gln

Thr

Gln

Arg

385

Phe

Asp

Gly

Gln

Pro

465

Leu

Cys

Ala

Leu
545

Ala

Glu

Ser

Cys

210

Ala

Cys

Thr

Ala

Ala

290

Gln

Gly

Arg

Ala

Met

370

Ser

Asn

Arg

Arg

Gln

450

Ser

Lys

Tyr

Glu

Arg

530

Cys

Leu

Cys

Ala

Cys

195

Gly

Gln

Gly

Cys

Thr

275

Asp

Glu

Ala

Arg

Pro

355

Gly

Gly

Ala

Val

Thr

435

Arg

Pro

Asn

Asp

Leu

515

Lys

Glu

Ala

Met

Ser
595

Val

Ser

Cys

Ser

Ala

260

Cys

Tyr

Asn

Leu

Pro

340

Val

Arg

Gln

Val

Thr

420

Tyr

Ala

Cys

Gly

Pro

500

Glu

Gly

Ala

Gln

Leu
580

Ala

Cys

Asp

Ser

Arg

245

Arg

Arg

Pro

Val

Pro

325

Glu

Cys

Ser

Cys

Cys

405

Cys

Asp

Ile

Leu

Gln

485

Val

Ala

Pro

Glu

Pro
565

His

Gly

Lys

Ala

Gln

230

Asp

Ser

Gly

Gly

Phe

310

Asp

Met

Gly

Gly

Gln

390

Leu

Asp

Ser

Pro

Gly

470

Ala

Cys

Thr

Cys

Thr
550
Val

Val

Pro

Lys

Ser

215

Gln

Pro

Ala

Ala

Glu

295

Lys

Pro

Leu

Asp

Ala

375

Gly

Ser

Gly

Asp

Ser

455

Val

Ala

Gly

Ala

Asp

535

Gly

Cys

His

Cys

Ser

200

Thr

Arg

Cys

Asp

Pro

280

Cys

Lys

Ser

Leu

Asp

360

Ala

Arg

Arg

Ala

Cys

440

Lys

Gln

Cys

Ser

Cys

520

Arg

Arg

Gly

Ala

Glu
600

Pro

Tyr

Arg

Ser

Gly

265

Glu

Gln

Phe

Arg

Arg

345

Gly

Arg

Asp

Arg

Tyr

425

Trp

His

Cys

Glu

Asp

505

Thr

Cys

Cys

Ser

Cys
585

Thr

Cys

Ser

Ile

Asn

250

Leu

Gly

Leu

Asp

Ser

330

Pro

Val

Gly

Gln

Gly

410

Arg

Arg

Gln

Ala

Cys

490

Gly

Leu

Gly

Val

Asp
570

Thr

Cys

Pro

Asn

Arg

235

Val

Thr

Thr

Leu

Gly

315

Cys

Glu

Thr

Leu

Cys

395

Arg

Pro

Gln

Gly

Phe

475

Leu

Val

Gly

Gln

Cys
555
Gly

His

Gly

Ser

Glu

220

Leu

Thr

Ala

Val

Arg

300

Pro

Arg

Ser

Tyr

Leu

380

Pro

Pro

Val

Gln

Pro

460

Gly

Gln

Thr

Arg

Cys

540

Pro

His

Gln

Asp

Val

205

Cys

Leu

Cys

Ser

Cys

285

Arg

Cys

Val

Cys

Glu

365

Leu

Glu

Arg

Cys

Ala

445

Cys

Ala

Ala

Tyr

Glu

525

Arg

Ser

Thr

Ile

Ala
605

Val

Glu

Ser

Ser

Cys

270

Gly

Ala

Asp

Asn

Pro

350

Asn

Gln

Pro

Cys

Ala

430

Glu

Asp

Thr

Cys

Gly

510

Ile

Phe

Glu

Tyr

Ser

590

Val

Ala

Leu

Arg

Phe

255

Leu

Ser

Cys

Pro

Pro

335

Ala

Asp

Lys

Cys

Ser

415

Gln

Cys

Gln

Cys

Ser

495

Ser

Gln

Gly

Cys

Pro
575

Leu

Cys

Pro

Gln

Gly

240

Gly

Cys

Asp

Ala

Cys

320

Arg

Arg

Cys

Val

Arg

400

Cys

Asp

Arg

Ala

Ala

480

Ser

Ala

Val

Ala

Val
560
Ser

His

Ala
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Phe

His

625

Ser

Glu

Gly

Gln

Cys

705

Asp

Glu

Pro

Thr

Gly

785

Tyr

Gly

Phe

Cys

Leu

865

Pro

Ala

Pro

Gly

945

Ile

Thr

Leu

Ser

Arg

Gly Ala
610

Pro Pro

Ala Cys

Glu Ala

Ser Gly
675

Arg Gly
690

Asp Phe

Gly Val

Ser Gln

Thr Phe
755

Pro Tyr
770

Leu Ala

Gly Gly

Val Gly

Arg Gly
835

Asp Pro
850

Cys Ser

Asp Gly

Pro Ala

Glu Glu
915

Glu Ala
930

Asn Glu

Ser Ile

His Pro

Ser Gln
995

Ser Thr
1010

Thr Thr

Val

Pro

Glu

Arg

660

Ser

Gly

Ser

Thr

Arg

740

Ala

Gly

Gly

Thr

Gly

820

Ile

Gln

Cys

Arg

Thr

900

Ser

Asn

Cys

Gln

Thr
980
Ala

Ala

Ala

Cys

Gly

Leu

645

Ala

Gly

Ile

Cys

Tyr

725

Gly

Pro

Cys

Cys

Cys

805

Leu

Val

Gly

Lys

Ala

885

Cys

Gly

Ala

Gln

Ser

965

Ser

Leu

His

Ser

Ser

Pro

630

Arg

Gly

Glu

Trp

Gln

710

Ser

Leu

Leu

Cys

Pro

790

Asp

Arg

Thr

Ala

Pro

870

Leu

Ala

Ser

Thr

Leu

950

Leu

Ala

Pro

Ser

Val

Ala Gly Gln
615

Val Cys Gly

Glu Ala Ala

Pro Cys Glu

665

Asp Gly Asp
680

Asp Glu Asp
695

Ser Val Pro

Thr Glu Cys

Tyr Val Ala

745

Pro Pro Val
760

Gln Asp Asn
775

Ser Ala Cys

Pro Ala Thr

Cys Asp Arg

825

Asp Gly Arg
840

Val Arg Asp
855

Gly Val Ala

Gly Pro Ala

Glu Met Arg
905

Ala His Cys
920

Lys Val Cys
935

Lys Thr Ile

Gly Pro Cys

Ser Val Thr

985

Ala Pro Pro
1000

Gln Thr Thr
1015

Pro Arg Thr

Cys

Ser

Cys

650

Gln

Cys

Ser

Gly

Glu

730

Ala

Ala

Ile

Gln

Gly

810

Cys

Ser

Asp

Gly

Gly

890

Cys

Val

Gly

Ala

Gln

970

Val

Gly

Pro

Thr

Val

Asp

635

Leu

Ala

Glu

Glu

Ser

715

Leu

Gln

Pro

Thr

Cys

795

Gln

Glu

Gly

Cys

Pro

875

Cys

Glu

Cys

Ser

Cys

955

Glu

Thr

Ala

Pro

Val

Cys Pro Arg
620

Gly Val Thr

Gln Gln Thr

Glu Cys Gly

670

Gln Glu Leu
685

Asp Gly Pro
700

Pro Val Cys

Lys Lys Ala

Gly Ala Cys

750

Leu His Cys
765

Ala Ala Arg
780

Asn Pro His

Cys Ser Cys

Pro Gly Phe

830

Cys Thr Pro
845

Glu Gln Met
860

Lys Cys Gly

Glu Ala Asp

Phe Gly Ala

910

Pro Met Leu
925

Asp Gly Val
940

Arg Gln Gly

Ala Val Ala

Thr Pro Gly
990

Leu Pro Leu
1005

Pro Ser Ser
1020

Trp Pro Val

Cys

Tyr

Gln

655

Ser

Cys

Cys

Gly

Arg

735

Arg

Ala

Gly

Gly

Arg

815

Trp

Cys

Thr

Gln

Ala

895

Arg

Thr

Thr

Leu

Pro

975

Leu

Ala

Arg

Leu

Glu

Gly

640

Ile

Gly

Arg

Val

Ser

720

Cys

Gly

Gln

Val

Ser

800

Pro

Asn

Ser

Gly

Cys

880

Ser

Cys

Cys

Tyr

Gln

960

Ser

Leu

Pro

Pro

Thr
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1025 1030

Val Pro Pro Thr Ala Pro Ser Pro
1045

Phe Gly Glu Ser Gly Ser Thr Asp
1060

Gly Asp Gln Glu Ala Ser Gly Gly

1035 1040

Ala Pro Ser Leu Val Ala Ser Ala
1050 1055

Gly Ser Ser Asp Glu Glu Leu Ser
1065 1070

Gly Ser Gly Gly Leu Glu Pro Leu

1075 1080 1085

Glu Gly Ser Ser Val Ala Thr Pro
1090 1095

Cys Tyr Asn Ser Ala Leu Gly Cys
1105 1110

Leu Asp Ala Glu Gly Ser Asn Cys
1125

Val Leu Glu Leu Glu Gly Val Glu
1140

Glu Met Ala Asp Pro Lys Ser Glu

1155 1160

Ile Glu Ser Thr Leu Asp Asp Leu
1170 1175

Asp Phe Arg Ser Val Arg Leu Arg
1185 1190

Arg Ala Ile Val Asp Val His Phe
1205

Pro Asp Val Ala Arg Ala Leu Leu
1220

Arg Ser Leu Gly Val Arg Arg Pro

1235 1240

Asp Phe Asp Trp Phe Pro Ala Phe
1250 1255

Ile Ala Ala Gly Ala Thr Ala Arg
1265 1270

Ser Ser Ala Val Thr Pro Arg Ala
1285

Pro Val Ala Lys Thr Thr Ala Ala
1300

Thr Ala Pro Ser Arg Val Pro Gly

1315 1320

Pro Pro Lys Pro Cys Asp Ser Gln
1330 1335

Gln Asp Trp Ala Leu Gly Gly Gly
1345 1350

Arg Gly Gly Ala Val Cys Glu Lys
1365

Phe Glu Gly Arg Ser Phe Leu Ala
1380

Gly Pro Pro Val Glu Arg Ala Ser
1100

Cys Ser Asp Gly Lys Thr Pro Ser
1115 1120

Pro Ala Thr Lys Val Phe Gln Gly
1130 1135

Gly Gln Glu Leu Phe Tyr Thr Pro
1145 1150

Leu Phe Gly Glu Thr Ala Arg Ser
1165

Phe Arg Asn Ser Asp Val Lys Lys
1180

Asp Leu Gly Pro Gly Lys Ser Val
1195 1200

Asp Pro Thr Thr Ala Phe Arg Ala
1210 1215

Arg Gln Ile Gln Val Ser Arg Arg
1225 1230

Leu Gln Glu His Val Arg Phe Met
1245

Ile Thr Gly Ala Thr Ser Gly Ala
1260

Ala Thr Thr Ala Ser Arg Leu Pro
1275 1280

Pro His Pro Ser His Thr Ser Gln
1290 1295

Pro Thr Thr Arg Arg Pro Pro Thr
1305 1310

Arg Arg Pro Pro Ala Pro Gln Gln
1325

Pro Cys Phe His Gly Gly Thr Cys
1340

Phe Thr Cys Ser Cys Pro Ala Gly
1355 1360

Val Leu Gly Ala Pro Val Pro Ala
1370 1375

Phe Pro Thr Leu Arg Ala Tyr His
1385 1390

Thr Leu Arg Leu Ala Leu
1395

Leu Leu Tyr Asn Gly Asn
1410

Glu Phe Arg Ala Leu Glu Pro Gln Gly Leu

1400 1405

Ala Arg Gly Lys Asp Phe Leu Ala
1415 1420

Leu Leu Asp Gly Arg Val Gln Leu Arg Phe Asp Thr Gly Ser
1425 1430 1435

Ala Val Leu Thr Ser Ala Val Pro Val Glu Pro Gly Gln Trp
1445 1450

Leu Ala

Gly Pro
1440

His Arg
1455
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50

-continued

Leu Glu Leu Ser Arg His Trp Arg Arg Gly Thr Leu Ser
1460 1465

Glu Thr Pro Val Leu Gly Glu Ser Pro Ser Gly Thr Asp

Val Asp Gly
1470

Gly Leu Asn

1475 1480 1485

Leu Asp Thr Asp Leu Phe Val Gly Gly Val Pro Glu Asp
1490 1495 1500

Val Ala Leu Glu Arg Thr Phe Val Gly Ala Gly Leu Arg
1505 1510 1515

Arg Leu Leu Asp Val Asn Asn Gln Arg Leu Glu Leu Gly
1525 1530

Gly Ala Ala Thr Arg Gly Ser Gly Val Gly Glu Cys Gly
1540 1545

Cys Leu Pro Asn Pro Cys His Gly Gly Ala Pro Cys Gln

Gln Ala Ala
Gly Cys Ile
1520

Ile Gly Pro
1535

Asp His Pro
1550

Asn Leu Glu

1555 1560 1565

Ala Gly Arg Phe His Cys Gln Cys Pro Pro Gly Arg Val
1570 1575 1580

Cys Ala Asp Glu Lys Ser Pro Cys Gln Pro Asn Pro Cys
1585 1590 1595

Ala Pro Cys Arg Val Leu Pro Glu Gly Gly Ala Gln Cys
1605 1610

Leu Gly Arg Glu Gly Thr Phe Cys Gln Thr Ala Ser Gly
1620 1625

Ser Gly Pro Phe Leu Ala Asp Phe Asn Gly Phe Ser His

Gly Pro Thr
His Gly Ala
1600

Glu Cys Pro
1615

Gln Asp Gly
1630

Leu Glu Leu

1635 1640 1645

Arg Gly Leu His Thr Phe Ala Arg Asp Leu Gly Glu Lys
1650 1655 1660

Glu Val Val Phe Leu Ala Arg Gly Pro Ser Gly Leu Leu
1665 1670 1675

Gly Gln Lys Thr Asp Gly Lys Gly Asp Phe Val Ser Leu
1685 1690

Asp Arg Arg Leu Glu Phe Arg Tyr Asp Leu Gly Lys Gly
1700 1705

Ile Arg Ser Arg Glu Pro Val Thr Leu Gly Ala Trp Thr

1715 1720 1725

Leu Glu Arg Asn Gly Arg Lys Gly Ala Leu Arg Val Gly
1730 1735 1740

Arg Val Leu Gly Glu Ser Pro Val Pro His Thr Val Leu
1745 1750 1755

Glu Pro Leu Tyr Val Gly Gly Ala Pro Asp Phe Ser Lys
1765 1770

Ala Ala Ala Val Ser Ser Gly Phe Asp Gly Ala Ile Gln
1780 1785

Leu Gly Gly Arg Gln Leu Leu Thr Pro Glu His Val Leu

1795 1800 1805

Asp Val Thr Ser Phe Ala Gly His Pro Cys Thr Arg Ala
1810 1815 1820

Pro Cys Leu Asn Gly Ala Ser Cys Val Pro Arg Glu Ala
1825 1830 1835

Cys Leu Cys Pro Gly Gly Phe Ser Gly Pro His Cys Glu
1845 1850

Val Glu Lys Ser Ala Gly Asp Val Asp Thr Leu Ala Phe
1860 1865

Met Ala Leu
Leu Tyr Asn
1680

Ala Leu Arg
1695

Ala Ala Val
1710

Arg Val Ser

Asp Gly Pro

Asn Leu Lys

1760

Leu Ala Arg
1775

Leu Val Ser
1790

Arg Gln Val

Ser Gly His

Ala Tyr Val

1840

Lys Gly Leu
1855

Asp Gly Arg
1870
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Thr Phe Val Glu Tyr Leu Asn Ala Val Thr Glu Ser Glu Lys Ala Leu
1875 1880 1885

Gln Ser Asn His Phe Glu Leu Ser Leu Arg Thr Glu Ala Thr Gln Gly
1890 1895 1900

Leu Val Leu Trp Ser Gly Lys Ala Thr Glu Arg Ala Asp Tyr Val Ala
1905 1910 1915 1920

Leu Ala Ile Val Asp Gly His Leu Gln Leu Ser Tyr Asn Leu Gly Ser
1925 1930 1935

Gln Pro Val Val Leu Arg Ser Thr Val Pro Val Asn Thr Asn Arg Trp
1940 1945 1950

Leu Arg Val Val Ala His Arg Glu Gln Arg Glu Gly Ser Leu Gln Val
1955 1960 1965

Gly Asn Glu Ala Pro Val Thr Gly Ser Ser Pro Leu Gly Ala Thr Gln
1970 1975 1980

Leu Asp Thr Asp Gly Ala Leu Trp Leu Gly Gly Leu Pro Glu Leu Pro
1985 1990 1995 2000

Val Gly Pro Ala Leu Pro Lys Ala Tyr Gly Thr Gly Phe Val Gly Cys
2005 2010 2015

Leu Arg Asp Val Val Val Gly Arg His Pro Leu His Leu Leu Glu Asp
2020 2025 2030

Ala Val Thr Lys Pro Glu Leu Arg Pro Cys Pro Thr Pro
2035 2040 2045

<210> SEQ ID NO 3

<211> LENGTH: 8244

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

gtggecgggg ctgeggegeg gggggcegggg cggtegggec cgggacacce ccteceggte
cectggeggyg gecagegtegg ctetggeage actggaggeg geggeggece gagggegact
tgcggggege gcaggecgee gtgcaccegg gacgetteee ceteggggac ccteegeggg
ctteteegee gegeegteog gegggageceg gegggaccee gggegagegg cgegggegge
accatgaggce ggcagtgggg cgegetgetyg cttggegece tgetcetgege acacggectg
gecagcagee ccgagtgtge ttgtggtegg agccacttca catgtgcagt gagtgetett
ggagagtgta cctgcatcce tgcccagtgyg cagtgtgatg gagacaatga ctgeggggac
cacagcgatg aggatggatg tatactacct acctgttcece ctettgactt tcactgtgac
aatggcaagt gcatcegeceg ctectgggtyg tgtgacgggg acaacgactyg tgaggatgac
tcggatgage aggactgtece cecccgggag tgtgaggagg acgagtttee ctgccagaat
ggctactgca tccggagtet gtggcactge gatggtgaca atgactgtgyg cgacaacagce
gatgagcagt gtgacatgcg caagtgctce gacaaggagt tcegetgtag tgacggaagce
tgcattgetyg agcattggta ctgcgacggt gacaccgact gcaaagatgg ctccgatgag
gagaactgtc cctcagcagt geccagegecce ccctgcaace tggaggagtt ccagtgtgec
tatggacgct gcatcctega catctaccac tgegatggeg acgatgactg tggagactgg
tcagacgagt ctgactgete ctecccaccag ccctgeeget ctggggagtt catgtgtgac
agtggcctgt gcatcaatge aggctggege tgegatggtg acgeggactyg tgatgaccag
tctgatgage gcaactgcac cacctecatg tgtacggcag aacagttecg ctgtcactca

ggcegetgtyg tcegectgte ctggegetgt gatggggagg acgactgtge agacaacagce

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140



53

US 9,329,182 B2

54

-continued
gatgaagaga actgtgagaa tacaggaagc ccccaatgtg ccttggacca gttectgtgt 1200
tggaatgggc gctgcattgg gcagaggaag ctgtgcaacg gggtcaacga ctgtggtgac 1260
aacagcgacg aaagcccaca gcagaattge cggecccgga cgggtgagga gaactgcaat 1320
gttaacaacg gtggctgtgce ccagaagtgc cagatggtgc ggggggcagt gcagtgtacce 1380
tgccacacag gctaccggcet cacagaggat gggcacacgt gccaagatgt gaatgaatgt 1440
geecgaggagyg ggtattgcag ccagggctge accaacagceg aaggggettt ccaatgetgg 1500
tgtgaaacag gctatgaact acggcccgac cggcgcaget gcaaggctcet ggggecagag 1560
cctgtgetge tgttecgccaa tcegcatcgac atcecggcagg tgctgccaca ccgctcetgag 1620
tacacactgc tgcttaacaa cctggagaat gccattgccce ttgatttcca ccaccgccecgce 1680
gagcttgtet tetggtcaga tgtcaccctg gaccggatcece tcecgtgccaa cctcaacggce 1740
agcaacgtgg aggaggttgt gtctactggg ctggagagcc cagggggcct ggctgtggat 1800
tgggtccatg acaaactcta ctggaccgac tcaggcacct cgaggattga ggtggccaat 1860
ctggatgggg cccaccggaa agtgttgctg tggcagaacc tggagaagcc ccgggccatt 1920
gccttgcate ccatggaggg taccatttac tggacagact ggggcaacac cccccgtatt 1980
gaggcctceca gcatggatgg ctetggacge cgcatcattg ccgataccca tctettetgg 2040
cccaatggece tcaccatcga ctatgcecggg cgcecgtatgt actgggtgga tgctaagcac 2100
catgtcatcg agagggccaa tctggatggg agtcaccgta aggctgtcat tagccagggce 2160
ctccecgecate cecttegecat cacagtgttt gaagacagcec tgtactggac agactggcac 2220
accaagagca tcaatagcgc taacaaattt acggggaaga accaggaaat cattcgcaac 2280
aaactccact tccctatgga catccacacce ttgcacceee agegecaacce tgcagggaaa 2340
aaccgetgtyg gggacaacaa cggaggcetge acgcacctgt gtetgcccag tggcecagaac 2400
tacacctgtg cctgccccac tggcttecge aagatcagca gccacgcctg tgcccagagt 2460
cttgacaagt tcctgctttt tgcccgaagg atggacatcce gtcgaatcag ctttgacaca 2520
gaggacctgt ctgatgatgt catcccactg gctgacgtge gcagtgctgt ggcccttgac 2580
tgggactcce gggatgacca cgtgtactgg acagatgtca gcactgatac catcagcagg 2640
gccaagtggg atggaacagg acaggaggtg gtagtggata ccagtttgga gagcccagcet 2700
ggcctggeca ttgattgggt caccaacaaa ctgtactgga cagatgcagg tacagaccgg 2760
attgaagtag ccaacacaga tggcagcatg agaacagtac tcatctggga gaaccttgat 2820
cgteccteggg acatcgtggt ggaacccatg ggcecgggtaca tgtattggac tgactggggt 2880
gcgagccceca agattgaacg agctggcatg gatgcctcag gcecgccaagt cattatctcet 2940
tctaatctga cctggcctaa tgggttagct attgattatg ggtcccageg tcectatactgg 3000
gctgacgeceg gcatgaagac aattgaattt gectggactgg atggcagtaa gaggaaggtyg 3060
ctgattggaa gccagctccecce ccacccattt gggctgacce tctatggaga gcegcatctat 3120
tggactgact ggcagaccaa gagcatacag agcgctgacce ggctgacagyg gctggaccgg 3180
gagactctgce aggagaacct ggaaaaccta atggacatcc atgtcttcecca ccgeccgecgyg 3240
cceccagtgt ctacaccatg tgctatggag aatggcggcet gtagccacct gtgtcttagg 3300
tcecccaaate caagcggatt cagctgtacce tgccccacag gcatcaacct getgtcectgat 3360
ggcaagacct gctcaccagg catgaacagt ttcctcatcet tcegccaggag gatagacatt 3420
cgcatggtct cecctggacat cccttatttt gctgatgtgg tggtaccaat caacattacc 3480
atgaagaaca ccattgccat tggagtagac ccccaggaag gaaaggtgta ctggtctgac 3540
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agcacactgc acaggatcag tcgtgccaat ctggatggct cacagcatga ggacatcatc 3600
accacagggc tacagaccac agatgggctc gcggttgatg ccattggccg gaaagtatac 3660
tggacagaca cgggaacaaa ccggattgaa gtgggcaacc tggacgggtce catgcggaaa 3720
gtgttggtgt ggcagaacct tgacagtccc cgggccatceg tactgtacca tgagatgggg 3780
tttatgtact ggacagactg gggggagaat gccaagttag agcggtccgg aatggatggce 3840
tcagaccgcg cggtgctcat caacaacaac ctaggatggce ccaatggact gactgtggac 3900
aaggccagcet cccaactgcet atgggecgat geccacacceyg agcgaattga ggctgetgac 3960
ctgaatggtg ccaatcggca tacattggtg tcaccggtgce agcacccata tggcctcacce 4020
ctgctcgact cctatatcta ctggactgac tggcagactc ggagcatcca ccgtgctgac 4080
aagggtactg gcagcaatgt catcctegtg aggtccaacc tgccaggcct catggacatg 4140
caggctgtgg accgggcaca gccactaggt tttaacaagt gcggctcgag aaatggcggce 4200
tgctceccace tetgecttgece teggecttet ggettcectect gtgcecctgcecece cactggcatce 4260
cagctgaagg gagatgggaa gacctgtgat ccctctectg agacctacct getcttetee 4320
agccgtgget ccatccggeg tatctcactg gacaccagtg accacaccga tgtgcatgtce 4380
cctgttectg agctcaacaa tgtcatctce ctggactatg acagcgtgga tggaaaggtce 4440
tattacacag atgtgttcct ggatgttatc aggcgagcag acctgaacgg cagcaacatg 4500
gagacagtga tcgggcgagg gctgaagacce actgacggge tggcagtgga ctgggtggec 4560
aggaacctgt actggacaga cacaggtcga aataccattg aggcgtccag gctggatggt 4620
tcetgecgca aagtactgat caacaatagce ctggatgage cccgggccat tgetgtttte 4680
cccaggaagg ggtacctett ctggacagac tggggccaca ttgccaagat cgaacgggca 4740
aacttggatg gttctgagcg gaaggtcctce atcaacacag acctgggttg gceccaatggce 4800
cttacccectgg actatgatac ccgcaggatce tactgggtgg atgcgcatct ggaccggatce 4860
gagagtgctg acctcaatgg gaaactgcgg caggtcttgg tcagccatgt gtcccacccce 4920
tttgcectca cacagcaaga caggtggatc tactggacag actggcagac caagtcaatc 4980
cagegtgttyg acaaatactc aggccggaac aaggagacag tgctggcaaa tgtggaagga 5040
ctcatggata tcatcgtggt ttcccectcag cggcagacag ggaccaatgce ctgtggtgtg 5100
aacaatggtg gctgcaccca cctcectgettt gccagagect cggacttcegt atgtgcectgt 5160
cctgacgaac ctgatagccg gecctgctcee cttgtgectg gectggtacce accagctect 5220
agggctactg gcatgagtga aaagagccca gtgctaccca acacaccacce taccaccttg 5280
tattcttcaa ccacccggac ccgcacgtct ctggaggagg tggaaggaag atgctctgaa 5340
agggatgcca ggctgggect ctgtgcacgt tccaatgacg ctgttcecctge tgctceccaggg 5400
gaaggacttc atatcagcta cgccattggt ggactcctca gtattctget gattttggtg 5460
gtgattgcag ctttgatgct gtacagacac aaaaaatcca agttcactga tcctggaatg 5520
gggaacctca cctacagcaa cccctectac cgaacatcca cacaggaagt gaagattgaa 5580
gcaatcccca aaccagccat gtacaaccag ctgtgctata agaaagaggg agggcctgac 5640
cataactaca ccaaggagaa gatcaagatc gtagagggaa tctgcctcct gtectggggat 5700
gatgctgagt gggatgacct caagcaactg cgaagctcac gggggggcct cctecgggat 5760
catgtatgca tgaagacaga cacggtgtcc atccaggcca gctctggcte cctggatgac 5820
acagagacgg agcagctgtt acaggaagag cagtctgagt gtagcagcgt ccatactgca 5880
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gecactcecag aaagacgagg ctctcetgcca gacacgggcet ggaaacatga acgcaagcetce 5940
tcetcagaga geccaggteta aatgcccaca ttetcettece tgectgectg ttecttetee 6000
tttatggacg tctagtcctt gtgctcegett acaccgcagg ccccgecttet gtgtgettgt 6060
cctectecte cteccaccee ataactgtte ctaagectte accggagctg tttaccacgt 6120
gagtccataa ctacctgtgc acaagaaatg atggcacatc acgagaattt agacctggat 6180
tttaccatga acctcacatc ttgtactcca tcctgggecce cctgaaactg cttattegtg 6240
attcctcacce agcgtagage tccacctcece ctttecccag taccctcagt gectgcettet 6300
cagtgctgat gcagctgatg acccaggact gcgctctgece ccatcacage cagcatgact 6360
gcttetectga gagaacttge ccatcagggg ctgggacatg ggggtgtggg taaagacagg 6420
gatgaaggat agaggctgag agaagaagga agaatcagcc cagcaggtat gggcatctgg 6480
gaaacctcca gcctcaagtg tgttggtaac atgaaaaagc tttggggggt agttggatct 6540
gggtgtctgg tceccattgctg gcagtggaca ttattcttge cctaagagac actgectttt 6600
cagcagcaga tactggtgag atgggggtgg ctcaggctgt tcttectcect cctagaatgt 6660
ctggagcectgt ttctacattc agataactgg gtcccctatc acaaggctac tggctaatag 6720
gaattccecte ctggtgccac cactggccag tacctttceet aagtctttgce tcaaattaac 6780
caggttgtga gccagtggct tgagtgaatg ttaggccttg ggggctgagt ctctgaaaag 6840
tctaagaagce tctgcctaga ccaaatatgg tatacctect gacccecctcte tecctcatgt 6900
cctgggattce tggggaagag acctagaaac aagctttcaa agaaaaacca gaagttgtca 6960
taaatggtca gaaagaacga tcaggttgga gacttgggaa acccagggcece taaagagaag 7020
tatccatgag ggtcaaactt cctgttgaac ttcctatgtt ctttctcaag tgctcaggga 7080
tctaagttag tggacagcaa gcctgtggct acggggtggt gatgttceccte tteccagetgt 7140
ccectecaget aaggggctta gtttceccatgt gggatgcecat cacttggtte atgctcattce 7200
acacaaaggg cacgtgtctc agcctggtat cagggaaatt gagacttatt tttgccctaa 7260
aacgtctecce tagctgttet tegtggggtt tttttgtttg tttttttgee taatttgett 7320
tttctgacca agccttgtgg caccagcaat ctceccaaagtce ctgtggtggg agggctgaat 7380
aaataaaaat acaaagaggt gggtaaggag taggaaggta gagagcacca ctgatgaggce 7440
cctectagece catggcagac ccagacctcet tcteccecag gaattagaag tggcaggaga 7500
gaacaacagg ggctgggaat ggaggggaga atttctaggg gaagtttcct gagttgaaac 7560
ttctectgtg gttactggta ttgagaaatc agctaccaaa gtgaaaaagg acaagatcaa 7620
ttectttteta gtcagttecta agactgctag agagagatac caggccctta gecttgetcet 7680
cagtagcgtc agccccagtt ctgagcectce ccacattaca cttaacaagce agtaaaggag 7740
tgagcacttt gggtccttag actcatgtct ggggaggaag agcaagtaga aaagtggcat 7800
tttcttgatt ggaaaggggg aaggatctta ttgcacttgg gectgttcaga atgtagaaag 7860
gacatatttg aggaagtatc tatttgagca ctgatttact ctgtaaaaag caaaatctct 7920
ctgtcctaaa ctaatggaag cgattctcce atgctcatgt gtaatggttt taacgttact 7980
cactggagag attggacttt ctggagttat ttaaccacta tgttcagtat tttaggactt 8040
tatgataatt taatataaat ttagcttttc ttaatcacct tgcctggctt ggagtcatga 8100
ctaatcctge acctgctetg tetggcagac ccatgctgtg gaaaacctgce ttacagacat 8160
cacttttaag tcctttgtgg atgtgggcac agtgaagagc aataaagagt gtgaggttcc 8220
tgctggaaaa aaaaaaaaaa aaaa 8244
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<210> SEQ ID NO 4

<211> LENGTH: 1905

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 4

Met Arg Arg Gln Trp Gly Ala Leu Leu Leu Gly Ala Leu Leu Cys Ala
1 5 10 15

His Gly Leu Ala Ser Ser Pro Glu Cys Ala Cys Gly Arg Ser His Phe
Thr Cys Ala Val Ser Ala Leu Gly Glu Cys Thr Cys Ile Pro Ala Gln
35 40 45

Trp Gln Cys Asp Gly Asp Asn Asp Cys Gly Asp His Ser Asp Glu Asp
50 55 60

Gly Cys Ile Leu Pro Thr Cys Ser Pro Leu Asp Phe His Cys Asp Asn
65 70 75 80

Gly Lys Cys Ile Arg Arg Ser Trp Val Cys Asp Gly Asp Asn Asp Cys
Glu Asp Asp Ser Asp Glu Gln Asp Cys Pro Pro Arg Glu Cys Glu Glu
100 105 110

Asp Glu Phe Pro Cys Gln Asn Gly Tyr Cys Ile Arg Ser Leu Trp His
115 120 125

Cys Asp Gly Asp Asn Asp Cys Gly Asp Asn Ser Asp Glu Gln Cys Asp
130 135 140

Met Arg Lys Cys Ser Asp Lys Glu Phe Arg Cys Ser Asp Gly Ser Cys
145 150 155 160

Ile Ala Glu His Trp Tyr Cys Asp Gly Asp Thr Asp Cys Lys Asp Gly
165 170 175

Ser Asp Glu Glu Asn Cys Pro Ser Ala Val Pro Ala Pro Pro Cys Asn
180 185 190

Leu Glu Glu Phe Gln Cys Ala Tyr Gly Arg Cys Ile Leu Asp Ile Tyr
195 200 205

His Cys Asp Gly Asp Asp Asp Cys Gly Asp Trp Ser Asp Glu Ser Asp
210 215 220

Cys Ser Ser His Gln Pro Cys Arg Ser Gly Glu Phe Met Cys Asp Ser
225 230 235 240

Gly Leu Cys Ile Asn Ala Gly Trp Arg Cys Asp Gly Asp Ala Asp Cys
245 250 255

Asp Asp Gln Ser Asp Glu Arg Asn Cys Thr Thr Ser Met Cys Thr Ala
260 265 270

Glu Gln Phe Arg Cys His Ser Gly Arg Cys Val Arg Leu Ser Trp Arg
275 280 285

Cys Asp Gly Glu Asp Asp Cys Ala Asp Asn Ser Asp Glu Glu Asn Cys
290 295 300

Glu Asn Thr Gly Ser Pro Gln Cys Ala Leu Asp Gln Phe Leu Cys Trp
305 310 315 320

Asn Gly Arg Cys Ile Gly Gln Arg Lys Leu Cys Asn Gly Val Asn Asp
325 330 335

Cys Gly Asp Asn Ser Asp Glu Ser Pro Gln Gln Asn Cys Arg Pro Arg
340 345 350

Thr Gly Glu Glu Asn Cys Asn Val Asn Asn Gly Gly Cys Ala Gln Lys
355 360 365

Cys Gln Met Val Arg Gly Ala Val Gln Cys Thr Cys His Thr Gly Tyr
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Arg

385

Glu

Gln

Cys

Asp

Asn

465

Leu

Leu

Pro

Asp

Arg

545

Leu

Pro

Ala

Gly

Ala

625

Pro

Asp

Asn

Thr

Asn

705

Thr

Ala

Arg

Leu

Asp
785

370

Leu

Glu

Cys

Lys

Ile

450

Asn

Val

Asn

Gly

Ser

530

Lys

His

Arg

Asp

Arg

610

Asn

His

Trp

Gln

Leu

690

Asn

Cys

Gln

Arg

Ala
770

His

Thr

Gly

Trp

Ala

435

Arg

Leu

Phe

Gly

Gly

515

Gly

Val

Pro

Ile

Thr

595

Arg

Leu

Pro

His

Glu

675

His

Gly

Ala

Ser

Ile
755

Asp

Val

Glu

Tyr

Cys

420

Leu

Gln

Glu

Trp

Ser

500

Leu

Thr

Leu

Met

Glu

580

His

Met

Asp

Phe

Thr

660

Ile

Pro

Gly

Cys

Leu
740
Ser

Val

Tyr

Asp

Cys

405

Glu

Gly

Val

Asn

Ser

485

Asn

Ala

Ser

Leu

Glu

565

Ala

Leu

Tyr

Gly

Ala

645

Lys

Ile

Gln

Cys

Pro

725

Asp

Phe

Arg

Trp

Gly

390

Ser

Thr

Pro

Leu

Ala

470

Asp

Val

Val

Arg

Trp

550

Gly

Ser

Phe

Trp

Ser

630

Ile

Ser

Arg

Arg

Thr

710

Thr

Lys

Asp

Ser

Thr
790

375

His

Gln

Gly

Glu

Pro

455

Ile

Val

Glu

Asp

Ile

535

Gln

Thr

Ser

Trp

Val

615

His

Thr

Ile

Asn

Gln

695

His

Gly

Phe

Thr

Ala
775

Asp

Thr

Gly

Tyr

Pro

440

His

Ala

Thr

Glu

Trp

520

Glu

Asn

Ile

Met

Pro

600

Asp

Arg

Val

Asn

Lys

680

Pro

Leu

Phe

Leu

Glu
760

Val

Val

Cys

Cys

Glu

425

Val

Arg

Leu

Leu

Val

505

Val

Val

Leu

Tyr

Asp

585

Asn

Ala

Lys

Phe

Ser

665

Leu

Ala

Cys

Arg

Leu

745

Asp

Ala

Ser

Gln

Thr

410

Leu

Leu

Ser

Asp

Asp

490

Val

His

Ala

Glu

Trp

570

Gly

Gly

Lys

Ala

Glu

650

Ala

His

Gly

Leu

Lys

730

Phe

Leu

Leu

Thr

Asp

395

Asn

Arg

Leu

Glu

Phe

475

Arg

Ser

Asp

Asn

Lys

555

Thr

Ser

Leu

His

Val

635

Asp

Asn

Phe

Lys

Pro

715

Ile

Ala

Ser

Asp

Asp
795

380

Val

Ser

Pro

Phe

Tyr

460

His

Ile

Thr

Lys

Leu

540

Pro

Asp

Gly

Thr

His

620

Ile

Ser

Lys

Pro

Asn

700

Ser

Ser

Arg

Asp

Trp

780

Thr

Asn

Glu

Asp

Ala

445

Thr

His

Leu

Gly

Leu

525

Asp

Arg

Trp

Arg

Ile

605

Val

Ser

Leu

Phe

Met

685

Arg

Gly

Ser

Arg

Asp

765

Asp

Ile

Glu

Gly

Arg

430

Asn

Leu

Arg

Arg

Leu

510

Tyr

Gly

Ala

Gly

Arg

590

Asp

Ile

Gln

Tyr

Thr

670

Asp

Cys

Gln

His

Met
750
Val

Ser

Ser

Cys

Ala

415

Arg

Arg

Leu

Arg

Ala

495

Glu

Trp

Ala

Ile

Asn

575

Ile

Tyr

Glu

Gly

Trp

655

Gly

Ile

Gly

Asn

Ala

735

Asp

Ile

Arg

Arg

Ala

400

Phe

Ser

Ile

Leu

Glu

480

Asn

Ser

Thr

His

Ala

560

Thr

Ile

Ala

Arg

Leu

640

Thr

Lys

His

Asp

Tyr

720

Cys

Ile

Pro

Asp

Ala
800
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Lys

Ser

Thr

Met

865

Ser

Ile

Gly

Phe

Leu

945

Thr

Leu

Glu

Gly

1025

Lys

Ile

Asp

Trp Asp

Pro Ala

Asp Ala

835

Arg Thr
850

Val Glu

Pro Lys

Ile Ser

Ser Gln

915

Ala Gly
930

Pro His

Asp Trp

Asp Arg

Val Phe

995
Asn Gly
1010
Phe Ser

Thr Cys

Asp Ile

Val Pro Ile Asn Ile Thr
1075

Gly

Gly

820

Gly

Val

Pro

Ile

Ser

900

Arg

Leu

Pro

Gln

Glu

980

His

Gly

Cys

Ser

Arg Met Val Ser
1060

Thr Gly
805

Leu Ala

Thr Asp

Leu Ile

Met Gly

870
Glu Arg
885
Asn Leu
Leu Tyr
Asp Gly
Phe Gly

950

Thr Lys

965

Thr Leu

Arg Arg

Cys Ser

Thr Cys

Gln Glu Val
Ile Asp Trp
825

Arg Ile Glu
840

Trp Glu Asn
855

Gly Tyr Met

Ala Gly Met

Thr Trp Pro

905

Trp Ala Asp
920

Ser Lys Arg
935

Leu Thr Leu

Ser Ile Gln

Gln Glu Asn

985

Arg Pro Pro
1000

His Leu Cys
1015

Pro Thr Gly

1030

Pro Gly
1045

Met Asn Ser

1080

Val

810

Val

Val

Leu

Tyr

Asp

890

Asn

Ala

Lys

Tyr

Ser

970

Leu

Val

Leu

Ile

Phe

1050

Leu Asp Ile Pro Tyr
1065

Val Asp Thr Ser
Thr Asn Lys Leu
830

Ala Asn Thr Asp
845

Asp Arg Pro Arg
860

Trp Thr Asp Trp
875

Ala Ser Gly Arg
Gly Leu Ala Ile
910

Gly Met Lys Thr
925

Val Leu Ile Gly
940

Gly Glu Arg Ile
955

Ala Asp Arg Leu
Glu Asn Leu Met
990

Ser Thr Pro Cys
1005

Arg Ser Pro Asn
1020

Asn Leu Leu Ser
1035

Leu Ile Phe Ala

1070

Met Lys Asn Thr Ile Ala Ile

1085

Pro Gln Glu Gly Lys Val Tyr Trp Ser Asp Ser Thr Leu

1090

1095

1100

Ile Ser Arg Ala Asn Leu Asp Gly Ser Gln His Glu Asp Ile

1105

Thr

Lys

1110

Gly Leu Gln Thr Thr

1125

Val Tyr Trp Thr Asp

1140

Asp Gly Ser Met Arg

1155

Arg Ala Ile Val Leu

1170

1115

Asp Gly Leu Ala Val Asp Ala Ile

1130

Leu

815

Tyr

Gly

Asp

Gly

Gln

895

Asp

Ile

Ser

Tyr

Thr

975

Asp

Ala

Pro

Asp

Arg

1055

Gly

His

Ile

Gly
1135

Glu

Trp

Ser

Ile

Ala

880

Val

Tyr

Glu

Gln

Trp

960

Gly

Ile

Met

Ser

Gly

1040

Arg

Phe Ala Asp Val

Val

Arg

Thr

1120

Arg

Thr Gly Thr Asn Arg Ile Glu Val Gly Asn

1145

1150

Lys Val Leu Val Trp Gln Asn Leu

1160

1165

Tyr His Glu Met Gly Phe Met Tyr

1175

1180

Asp Trp Gly Glu Asn Ala Lys Leu Glu Arg Ser Gly Met Asp

1185

1190

1195

Asp Arg Ala Val Leu Ile Asn Asn Asn Leu Gly Trp Pro Asn

1205

1210

Asp

Trp

Gly

Gly
1215

Ser

Thr

Ser

1200

Leu
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Thr Val Asp Lys Ala
1220

Ser Ser Gln

Glu Arg Ile Glu Ala
1235

Ala Asp Leu

Val Ser Pro Val Gln
1250

His Pro Tyr
1255

Ile Tyr Trp Thr Asp
1265

Trp Gln Thr
1270

Gly Thr Gly Ser Asn Val Ile Leu
1285

Met Asp Met Gln Ala Val Asp Arg
1300

Cys Gly Ser Arg Asn Gly Gly Cys
1315

Ser Gly Phe Ser Cys Ala Cys Pro
1330 1335

Gly Lys Pro

1345

Thr Cys Asp Pro Ser
1350
Arg Gly

Ser Ile Arg Arg Ile Ser

1365
Val His Val Pro Val Pro Glu
1380

Leu

Asp Ser Val Asp Gly Lys Val

1395

Tyr

Ile Arg Arg
1410 1415

Arg Gly Leu
1425 1430
Asn Leu Tyr
1445

Leu Asp Gly
1460

Pro Arg Ala Ile Ala Val Phe Pro Arg Lys Gly Tyr Leu Phe
1480

1475

Asp Trp Gly His Ile Ala Lys Ile
1490 1495

Glu Arg Lys Val Leu Ile Asn Thr

1505 1510

Thr Leu Asp Tyr Asp Thr
1525

Arg Arg

Asp Arg Ile Glu Ser Ala

1540

Asp Leu

Ser His Val Ser His Pro Phe

1555
Ile Gln Thr
1575

Tyr Trp Thr Asp Trp
1570

Tyr Ser Gly Thr
1585

Arg Asn Lys Glu
1590
Met Asp Ile Ile Val Val Ser
1605

Pro

Cys Gly Val Asn Asn Gly Gly

1620

Cys

Ser Asp Phe Val Cys Ala Cys Pro

1560

Leu Leu
1225

Asn Gly

1240

Gly Leu

Trp Ala Asp Ala His

Ala Asn Arg His

Thr
1230

Thr Leu

1245

Thr Leu Leu Asp

1260

Ile His
1275

Arg Ser
Val Arg Ser Asn
1290

Ala Gln Pro Leu
1305

Ser His Leu Cys

1320

Thr Gly Ile Gln Leu

Arg

Leu Pro

Ser Tyr

Ala Asp Lys

1280

Gly Leu
1295

Gly Phe Asn Lys

Leu Pro

1310

Arg Pro

1325

1340

Glu Thr Tyr Leu
1355

Leu Asp Thr Ser
1370

Asn Asn Val Ile
1385

Tyr Thr Asp Val

1400

Leu

Asp

Ser

Phe

Lys Gly Asp

Phe Ser Ser

1360

His Thr Asp

1375

Leu Asp Tyr
1390

Leu Asp Val

1405

1420

1435

1450

1465

Glu Arg Ala Asn Leu Asp
1500

Asp Leu Gly Trp Pro Asn

1515

Ile Tyr Trp Val Asp Ala

1530

Asn Gly
1545

Ala Leu

Lys Ser

Val Leu Ala Asn

1595

Gln Arg Gln Thr
1610

Thr His Leu Cys
1625

Asp Glu Pro Asp

Ala Asp Leu Asn Gly Ser Asn Met Glu Thr Val Ile Gly

Lys Thr Thr Asp Gly Leu Ala Val Asp Trp Val Ala Arg

1440

Trp Thr Asp Thr Gly Arg Asn Thr Ile Glu Ala Ser Arg

1455

Ser Cys Arg Lys Val Leu Ile Asn Asn Ser Leu Asp Glu

1470

Trp Thr

1485

Val

Gly

Phe

Ser

Gly Ser

Gly Leu
1520

His Leu
1535

Lys Leu Arg Gln Val Leu

1550

Thr Gln Gln Asp Arg Trp
1565

Ile Gln Arg Val Asp Lys
1580

Glu Gly Leu
1600

Thr Asn Ala
1615

Ala Arg Ala
1630

Arg Pro Cys



US 9,329,182 B2

67

68

-continued

1635 1640

1645

Ser Leu Val Pro Gly Leu Val Pro Pro Ala Pro Arg Ala Thr Gly Met

1650 1655 1660

Ser Glu

1665 1670 1675

Ser Ser
1685 1690

Cys Ser Glu Arg Asp
1700 1705

Ala Val Pro Ala Ala
1715 1720
Gly Gly Leu Leu Ser

1730 1735 1740
Met Leu

1745

Tyr Arg His

1750 1755

Asn Leu

1765 1770

Lys Ile

1780 1785

Lys Lys
1795 1800
Ile

1810 1815 1820

Lys Ser Pro Val Leu Pro Asn Thr Pro Pro Thr Thr Leu Tyr

1680

Thr Thr Arg Thr Arg Thr Ser Leu Glu Glu Val Glu Gly Arg

1695

Ala Arg Leu Gly Leu Cys Ala Arg Ser Asn Asp

1710

Pro Gly Glu Gly Leu His Ile Ser Tyr Ala Ile
1725

Ile Leu Leu Ile Leu Val Val Ile Ala Ala Leu

Lys Lys Ser Lys Phe Thr Asp Pro Gly Met Gly

1760

Thr Tyr Ser Asn Pro Ser Tyr Arg Thr Ser Thr Gln Glu Val

1775

Glu Ala Ile Pro Lys Pro Ala Met Tyr Asn Gln Leu Cys Tyr

1790

Glu Gly Gly Pro Asp His Asn Tyr Thr Lys Glu Lys Ile Lys
1805

Val Glu Gly Ile Cys Leu Leu Ser Gly Asp Asp Ala Glu Trp Asp

Asp Leu Lys Gln Leu Arg Ser Ser Arg Gly Gly Leu Leu Arg Asp His

1825 1830 1835
Val Cys Met Lys Thr Asp
1845 1850

Leu Asp Asp Thr Glu Thr
1860 1865

Cys Ser Ser Val His Thr
1875 1880

Pro Asp Thr Gly Trp Lys

1890 1895 1900

1905

1840

Thr Val Ser Ile Gln Ala Ser Ser Gly Ser

1855

Glu Gln Leu Leu Gln Glu Glu Gln Ser Glu

1870

Ala Ala Thr Pro Glu Arg Arg Gly Ser Leu
1885

His Glu Arg Lys Leu Ser Ser Glu Ser Gln

What is claimed is:

1. A method for delaying motor dysfunction in a subject
suffering from amyotrophic lateral sclerosis (ALS), the
method comprising the steps of: selecting the subject suffer-
ing from ALS and administering an agent that increases
muscle specific receptor kinase (MuSK) activity to the sub-
jectin atherapeutically effective amount sufficient to increase
MuSK activity in the subject, wherein the agent is an antibody
or antibody fragment that increases MuSK activity upon
binding to MuSK, thereby improving motor function in the
subject.

2. A method for preserving neuromuscular synapses in a
subject suffering from amyotrophic lateral sclerosis (ALS),
the method comprising the steps of: selecting the subject
suffering from ALS and administering an agent that increases
muscle specific receptor kinase (MuSK) activity to the sub-
jectin atherapeutically effective amount sufficient to increase
MuSK activity in the subject, wherein the agent is an antibody
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or antibody fragment that increases MuSK activity upon
binding to MuSK, thereby preserving neuromuscular syn-
apses in the subject.

3. The method of claim 1, wherein the delay in motor
dysfunction is measurable by determining innervation levels.

4. The method of claim 1, wherein administering the agent
maintains innervation levels in the subject.

5. The method of claim 1, wherein administering the agent
stabilizes motor axon synapses or increases the number of
motor axon synapses in the subject.

6. The method of claim 1, wherein the subject is a mouse
comprising a transgene with a mutation in superoxide dismu-
tase (SOD1).

7. The method of claim 6, wherein the mouse comprises a
transgene with a mutation in SOD1, wherein the transgene is
SOD1G93A.

8. The method of claim 1, wherein the subject is a human.
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